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VI PREFACE. 

situations in life, or confined education, may have 
prevented them from applying to a subject, which 
has commonly been thought of so abstruse and 
difficult a nature, as to be utterly unattainable 
without a previous knowledge of many other 
branches of science. 

The principal object in view, throughout the 
whole performance, ' has been to avoid, as much 
as possible, all complicated mathematical prin- 
ciples and calculations, and to elucidate the most 
striking particulars, in as popular and easy a 
manner as the nature of the subject would admit. 
For this purpose, such parts of the science only 
have been chosen, as seemed most likely to excite 
the curiosity and attention of the uninformed 
reader ; and tq give him a taste for those studies 
and pursuits, which, besides the practical advan- 
tages they afford in some of the most important 
concerns of life, are of the greatest utility in form- 
ing and directing the mind, and in inculcating 
those liberal and enlarged ideas, which exalt and 
dignify the human character. 
, In a performance of this kind, which, from the 
nature of the undertaking, must be unavoidably 
deficient in. many particulars, it is not to be ex- 
pected that a scrupulous exactness has been al- 
ways observed, or that every illustration of a sub- 
ject is strictly mathematical. Such a minute atten- 
tion would have been incompatible with the plan 
of the work, and extremely difficult to have been 
observed, if not altogether impossible. The chief 
design was to give a general idea of the operations 
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and phaenomena of nature, independently of ab- 
struse reasoning or laborious calculations ; and 
though, by this means/ the knowledge obtiuned 
by the reader must, in some instances, be ne- 
cessarily superficial, yet it may serve to give him 
proper ideas of the subject, and to correct those 
notions which the prejudices of education, or the 
apparent view of things, might suggest 

It may also be observed, that as the work is 
designed chiefly for the purpose of popular in- 
struction, the author has not scrupled to mak^ a 
free use of the labours of preceding writers, 
whenever he found any particular subject illus- 
trated in a manner suitable to his design : and if 
he has not always acknowledged his obliga- 
tions, it is because such alterations were com- 
monly made as rendered it impossible, without a 
show of exactness which would have appeared 
affected and pedantic. The new matter intro- 
duced in every part of the performance, where it 
was most wanted, and the pains that have been 
taken to arrange and methodize the whole, are, it 
is hoped, sufficient to obviate every objection 
which may be made on this account. 

The frequent allusions to the Poets, and the 
various quotations interspersed throughout the 
work, ace intended as an agreeable relief to 
minds unaccustomed to the regular deduction of 
facts by mathematical reasoning, and to enliven 
those parts where a simple detail of particular^ 
must, from its necessary length, become languid. 
Poetical descriptions, though they may not be 
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Strictly conformable to the rigid principles of the 
science they are meant to elucidate, generally 
leave a stronger impression on the mind, and are 
far more captivating than simple unadorned lan- 
guage. From a persuasion of this kind, the author 
has sometimes expatiated on subjects with a 
ivarmth of expression, that may perhaps seem 
too florid for a philosophical performance ; but 
which alone could delineate those elevated ideas, 
that must necessarily arise in the contemplaticm 
of some of the grandest scenes in nature, and the 
most stupendous works of creation. 



ADVERTISEMENT 



TO THE SEVENTH EDITION, 



The favourable reception which the various edi- 
tions of this performance have met with from the 
public has induced the author to undertake an 
entire revision of every part of the work, and to 
make such alterations, amendments and additions, 
as, upon a careful re-consideration of the subject, 
appeared to be wanting. 

Since the time of its first publication, four ad* 
ditional planets, belonging to our system, have 
been discovered, and many important improve- 
ments have been made in several branches of 
the science ; which it became necessary to notice. 
This has accordingly been done, in a manner which 
it is hoped will render the work as satisfactory 
and complete, as the popular plan that was first 
adopted, will admit. . 
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LETTER I* 



OF THE irSE AND ADVANTAOE OF ASTBONOMY. 

% 

DEAR SIR, 

I HAVE always loved the sciences for their own 
sake, but I now wish to cultivate them for yours. 
You have convinced me, by your amiable and 
polite manners, that your mind is formed for the 
acquisition of truth and knowledge ; and if I can 
afford you any assistance, in directing your studies 
and pursuits, I shall consider it as the most agree* 
able employment of my life. 

The mode of communication you propose, is, I 
am afraid, less favourable to improvement, than 
your partiality in my favour will suffer you to 
imagine ; but as our different situations and en- 
gagements deny me the pleasure of a personal in- 
tercourse, I shall be happy to promote your views, 
and contribute to your information, by every means 
in my power. 

Astronomy seems to be the science you are de- 
sirous of being first acquainted with ; and I know 
not that you could have made a better choice. 
This subject will awaken every faculty of your 
mind, and is, of all Others, the best calculated to 
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2 OF THE USE AKB ABVANTAGX [L£T. I. 

to excite your curiosity and admiration. Not that 
I would wish to eogage you in long calculations 
and laborious enquiries, which are of use chiefly 
to the practical prt^eienfC, who makes this the 
principal object of his pursuit ; but there is a ge- 
neral knowledge of the most interesting particu- 
lars, which is so easily obtained, that it is inex- 
cusable for a per.son of a liberal education to be 
totally destitute of it. 

It is this pleasing part of the science that I 
would at present recommend to your attention : 
and as you are but fitlle acquamtcd with iBathe'- 
flaatkal principles, I. shall endbai^wir to treat (o€ 
]| in as easy and indepeqdtentl a dmbdot as the noh 
tuce of the sdbject will admit* Ter dircat ilsti> 
ticely of its usW term» wDuki> be a tain mA ridi*' 
eulous adtempt ; but; if I do net deceiye myself I 
shall be able to raoiofa: ev«ry obstacle \& Aia kind 
which is likely to impedeyour progross^ ocpeeittdt 
your iflaproTemeot. 

Not to detatn you, tbfinaliife^ by enteiinf iati* » 
longdissertalion on its origisi and pnogran^ whidi^ 
ail present^ wouid: be forsign? Is our purposr, IF 
shall proceed fmaoediiktbly to tjie subject itself 
and; leave tiiose ]Mtiticulars ta be msntisfned^ is 
tiboir proper pdaces. It wiU. be auffieknt to» ob«- 
serve, that Astronomy is a science q£ tiie eodieiS 
atftiqnity, and has ebaltetigsd tbe adnriiialioa of 
all ages. Poets, {Ml(»opfaei», and histonnii^ 
have all: ^mn it tteir hi^esl enconiussf^ mA 
both kings and princes have enricfaod. it vnth tteir 
labows. 
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The poets, in particular^ have bdeti lavish i&* 
liieir praises upon this subject, and are indebted 
to it for some of tlieir boldest images, and most 
6xaited descriptions. Virgil, the greatest master 
of verse after Homer, speaks of it with entbu^* 
sittsm; and, m the second book of his Geot^cs^ 
breaks out into this animated apostrophe : 

^* Ye sacred muses^ with whose beauty fired. 
My soul is ravish'd> and my brain inspired : 
Whose priest I am, whose hdy fillets vrtur -, 
Would you your poet's first petition hear ; 
Give me the ways of wand*ring^ stars to know | 
The depths of heaven above^ and earth below. 
Teach me the various labours of the moon> 
And whenice proceed th' edipseB of the sua. 
Why flowing tides prevail upon the main^ 
And in what dark recess they shrink again. 
What shakes the solid earthy what cause delays 
The sumiher nights^ and shortens winter days." 

DrYDBIT's ViRO. 

. la like manner; also, the wisest and greatest of 
meny both anoongft the ancient§ and moderns^ have 
eoafe^sed themselves charmed m ith the beauties of 
tftis science. To contemplate the grand spectacle 
of the heavens, has ever been considered as the 
noblest privilege of our nature. For it is here that 
we discover the wonders of the Almighty, and see 
the wisdoraof God in the works of the cres^tion. 
Nor is there any knowledge, attained by the light 
of nature, that gives us juster ideas of this great 
Beings or fiimisbes us with stronger arguments 
by wbich to demonstrate bis existence and attri- 
butes. "The heavens," says the Psalmist, "declare 
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the glory of God, and the firmament showeth his 
bandy work ; day unto day uttereth speech, and- 
night unto night sbowe^h knowledge ; and there is 
no speech or language where their voice is not' 
heard. '* 

Thus astronomy is not only -valuable, as it af-' 
fords us such exalted ideas of the Deity and hi» 
works; but it also improves the mind, and in- 
creases the force and penetration of the human 
understanding. For, by means of Ihis science, 
we are taught to discoVer the spring and fountain 
of all 'the celestial motions ; to follow the foot- 
steps of the Creator through the immense regions 
9f his empire ; and to trace the secret causes by 
which he regulates the great machine of the uni- 
verse. 

Were a knowledge of this kind attended with no 
other advantage, it has rendered essential service 
to humanity, by dissipating our vain fears and 
superstitious opinions. Man is naturally timid, 
and terrified at dangers which he cannot foresee. 
Before he is familiarized with nature he suspects 
her constancy, and regards all her operations with 
dread and apprehension. The regular and invari< 
able order of things will, at length, inspire him with 
confidence ; but still there are some singular phas- 
nomena, which appear as alarming exceptions to 
the general rule. 

Thus, in the early ages of the vvorld, ere men 
had learnt to judge of effects by their causes, a 
total eclipse of the sun or moon, was regarded 
with the utmost consternation, as seeming to por- 
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tend the annihilation of the universe; and thif 
comet, with his fiery tail, and blazing hair, was 
considered as the harbinger of divine vengeance ; 
whose appearance denounced the death pf princes, 
the destruction of empires, famine and pestilence. 
But these opinions, as distressing as they were 
erroneous, are, at length, entirely exploded ; and 
we are now taught, by Astronomers, to look upon 
comets and eclipses with tranquillity and compo 
sure. 

Astrology is another malady of weak minds, 
which is effectually eradicated by the principles 
of this science. We now explore the heavens for 
the purpose of administering to our wants and ne- 
cessities by useful discoveries, and not under the 
vain pretence of searching into the secret designs 
of fate, and the hidden events of futurity. This 
fallacious art, which appears so ca^ptivating to the 
vulgar, would have been, as . fatal to our peace, as 
it is contrary to the nature of things. Unhappy 
in the past, and dissatisfied with the present, we 
live only by the hope' of what is to come. A know- 
ledge of our future destiny, would serve only to 
increase the weight of our present afflictions; and 
by destroying every motive for exertion and acti- 
vity, would render existence a misery, and . the 
creation a desert. 

But, notwithstanding the absurdity of its doc- 
trines, this art is still practised in almost every 
country of the world : and it is not long since, that, 
even in Europe itself, the people had their cunning 
men, and the princes their astrologers^ by whose 
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predictions they regulated tiieir most importrnt 
GOQCems. It is the light of science only that can 
free us from the ^oss impositions of these wretdied 
empirics. The immense distance of the stars is a 
convincing proof that they are too remote from n&, 
for their influence to have any effect upon our 
globe. And as their aspects and conjunctions 
have been subject, from alt eternity, to invariaUe 
laws, they must be totally insufficient to account 
for that infinite diversity of characters and passions 
which we observe among men. To make every 
event depend upon the twinkling of a star, is an 
absurdity equal to that of the Lapland witdies, 
who pretend to r^ulate the course of the winds 
by tying knots in a string. 

Another singular service which astronomy has 
rendered to society, is the a^istance it affords to 
liie busbandiman and labourer, in the cultivation 
of the earth. The principal business of agricul- 
ture depends upon a knowledge of the seasons^ and 
tlie course of the sun. In every climate tiiere are 
certain necessary intervals between tiie Tarions 
operations of tillage and culture ; md these inter- 
vals, being once known by experience, point out 
the proper time when every operation is to be per- 
formed. But how are we to know exactly, and 
before-hand, as is often required, the commence: 
ment of every season, and its stated continuance ? 
This can only be done by searching in Uie heavens 
for some invariable si^s, which are always con^ 
nected with them, and announce their return. 

These signs are indicated by the sun, or some 
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parlicular star ; iand though the koowk4g|^ of 
Jtfaem is but little attended to At preseatj it was ai>* 
^iitely necessary in the ancient world, when th^ 
{peasant had no other guide to djirect bis laho\u*8 
tbao his own observations. Thus Arcturua, Orion. 
Mad the Pleia4esy jaaarked oat the several aeasoos of 
the -Greeks ; and the rising of Sirius with the sun^ 
aMOunoed to the Egyptians the overflowing of the 
Nite, and the cuatonary tiaaie of aowis^ their grainy 
which was immediately after its retreat. Maay of 
the ancient poets and historians furnish us likewise 
with inataoees of a sioular kind, from which it ap- 
pears, that some of the most powerful and polished 
jMi>tioas had, ior a long time^ no other calendor 
than that which consisted of a few simple obser va* 
tions on the rising and setting of certain inters* 

In most of the common a&ars fd life^ nothing 
is more necessary tb^m an exact measure of tiisie ; 
but how is this to be obtained ? We have theid^i 
of aucoefision only from motion ; «nd in order that 
the division q{ it into parts may be accurate, it is 
requisite that the motion abould be constant and 
ttdform: but such a perfect and ioHPUtable test 
is not to be found upon tbe earth. Mao has in 
himself the principles of motion ; his sensations 
mid ideas succeed ea^h other in a certain order ; 
hut their durations and returns are so irregular, 
that he can, by do means, employ them as a pro- 
4NBr measure of time. The mind that jsuffers, and 
the mind that rejoices ; the criminal upon the rack , 
and the lover aourtiqg his mistoess; isompute by 
aery 4i£enBnt reckonings. 
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It is to* the heavens alone that we must look for 
a certain and invariable standard. Those magni* 
ficent bodies, that are placed at such immense dis- 
tances from our globe, move with an order and 
regularity which is not to be found in any other 
part of the creation. From them we have obtain- 
ed all our'knowledge of the seasons, and the art of 
reckoning by certain periods of timfe. Had their 
motions been as various and mutable as those 
which are observed upon the earth, we should have 
had no idea of the regular lapse of time or the ex- 
tent of duration^ This is still the state of the un- 
civilized and solitary barbarian, who computes his 
time by the falls of snow, or the progress of vegeta- 
tion/ and is utterly ignorant of the more refined 
wants o^ society. 

, The interval between the rising and setting of 
the sun^ is a measure of time which is called a day, 
and is what is pointed out to us by nature herself; 
but as we are frequently in want of a much longer 
period; we iare' obliged to have recourse to other 
observations than those which depend upon the ap- 
pearance and disappearance of that luminary. 
Some nations compute their time by the revolutions 
of the moon, or by months; some by the revolu- 
tions of the sun, or by years ; and others again 
both by months and years. But this requires an 
exact knowledge of the celestial motions; and 
those who make use. of both the revolutions toge- 
ther, should know how to conciliate, and make 
them agree. It was this that gave birth to the 
calendar ; which was for a long time extremely im-* 
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perfect, has been often reformed, and is still at^ 
tended with many embarrassments. 

Chronology is another subject so intimately 
connected with astronomical observations, that 
without their assistance, we should have been but 
ill acquainted with the events recorded in history, 
and the transactions of past ages. But it is only 
since certain memorable epochs, that this art can 
be considered as having any solid foundation. Be- 
yond these every thing is involved in darkness and 
obscurity. That uncertain tradition, which, be- 
fore the invention of letters, was the only vehicle 
of information, has confounded and disfigured 
every relation. We find in ancient annals but few 
facts that are fixed by precise dates, and even those 
few are seldom the same in different authors. 

In this perplexed labyrinth, we have no other 
guide than what is afforded by the light of science. 
Those facts which are agreeable to the common 
testimony of credible historians, are considered as 
so many fixed points, where the weary traveller 
may rest himself, after his tedious researches in 
the barren regions of antiquity. But the observa- 
tions by which the dates of early events, have 
been determined are rare and uncommon. And 
what will appear still more singular is, that we 
owe them to the. gross ignorance and supersti- 
tion of the times in which they were made. The 
phaenomena of eclipses, and particularly those of 
the sun, were the occasion of general consterna- 
tion and terror ; and from the records that have 
jDeen left us of these alarming appearances, we 



10 OF THE USE AND ADVAKTAGS [tET. i. 

ure able to £nd the times ia which they hap* 
pened. 

If the writings of an historian were entirely lost, 
and we could only obtain a certain vague rdation 
of facts, witlioutjdatesy but accompanied with ao 
account of some remarkable eclipse or other celea*- 
tial pbasnpmenoQ ; the astronomer, by his know* 
ledge of the motion of the heavens, would be soon 
able to find the precise time in which they muat 
have happened. It was in this way that the cele* 
brated Dr.Halley determined the very day and 
hour of Julius Ciesar's landing in Great Britain^ 
merely from the circumstances of his relatioo. 
And to the same cause it is owing, that the chr^no* 
logy of the Ctunese is much more authentic than 
that of most other nations. Their attachment to 
ancient customs, and the superstition which is so 
intimately Ueaded wiUi the admin^tration of th^r 
public affiEtirs, has led them to preserve accounts 
of eclipses that prove the existence of their empire 
for near four thousand years past. 

But an advantage still mone interesting and im- 
portant, is tiie assistance which this science affords 
to geography and nav^ation. An acqumntance 
with the aituatioo and position of diffismnt countries, 
is not an object of mere curiosity qr useless specu- 
lation; butib now becomeindispepsably necessary^ 
both to the gentleman and the man of bufanessj 
and is generally considered as one of the most use- 
ful bnanches of a polite and liberal educ»tion« Po- 
litics, Gommeree, and pisilosopby, have c^ned a 
comflmmcatKMi between almost every country op 
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the globe. AUiauces are formed betwieen the mo^t 
distaot nations ; traffic and science have explored 
every region ; and the productions of different cli- 
mates are transported from one extremity of the 
earth to the other. 

When Vasco de Gama first opened the way to 
India by the Cape of Good Hope, and Columbus 
liad Ibund out a new world,, the increase of riches 
and power resultiiig to certain nations from these 
discoveries, excited the envy and ambition of the 
rest, and put all Europe in motion. By a princi* 
pie long established among commercial nations, 
the first discoverer of a new country lays claim to 
it as his property ; and is even jealous of the road 
that conducted him to it. This principle, whether 
well or ill founded, was adopted by every power 
in Europe; they all became equally desirous of 
nisiting these new climates; and the emulation for 
discovery continually increasing, the study of geo* 
graphy, and a knowledge of the globe, became a 
necessary pursuit. 

This sciemce, as well as that of navigation, was 
for a loi^ time extremely imperfect and ill under- 
stood : the knowledge of distant countries w^s 
founded merely upon the vague and uncertain ac- 
counts of travellers, who disfigured and exaggerat- 
ed all their relations by that love of the marvellou$« 
wUich is so natural and congenial to the human 
mkid : the pilot, on the other hand, confined bim^ 
3e\{ to the passing of narrow seas, or coasting 
idong the shore, and presumed not, by smy depen- 
dence upon his art, to lose sight of land^ and com* 
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mit himself to the mercy of the winds and waves. 
It was astronomy that first inspired him with this 
confidence, and taught him to conduct his vessel, 
with safety, through immense oceans, which had 
never before been traversed by man. 

In this difficult and hazardous enterprise, it is 
not sufficient for him to know the position of the 
port he designs to visit ; he must also be able, at 
all times, to fine} upon what part of the globe he 
is; how far he ha^ travelled ; and what course he 
must pursue during the rest of his voyage. But 
these particulars- can only be known from astrono- 
mical observations, and an accurate knowledge of 
the celestial motions. All the rules of the art are 
derived from this source; and though their appli- 
cation be attended with some difficulties, it is of 
* the utmost importance to every mariner that they 
should be well understood, and properly practised^; 
since the lives of his men, and the success of his 
voyage, depend upon the knowledge of them. 

The government, in most countries, are so sen- 
sible of the truth of these observations, that, of 
late years, they have paid the utmost attention to 
pilotage and navigation. Since the maritime has 
become the preponderating force, astronomy has 
been considered as a science of great public utility, 
intimately connected with the interest of thie state, - 
and deserving the protection of every commercial 
nation. The great encouragement given to the 
professors of this science by Louis the xivthand 
xvth of France ; the noble reward offered by the 
English -for the discovery of the longitude at sea ; 
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and the expensive voyages that hatve :heen under, 
taken for observing the transit of Vienus over the 
sun, are all sufficient proofs of its extensive; appli- 
cation^ and practical importance. 

Such are the advantages which society have de« 
rived from the cultivation of this science ; but. 
there is yet anotlier, ivhich, though less evident to 
the world in general, is nevertheless inestimable in 
the eyes of a philosopher. This is the knowledge 
which it affords us of nature ; of the true system 
of the world; and the invariable laws by which It 
is governed. Astronomy has opened to us such a> 
magnificent view of the creation, that we are struck 
with astonishment at the grandeur of the spectacle, 
and the powers of omnipotence. By looking abroad 
into the universe, we e^alt our ideas of the supreme 
intelligence, and extend the narrow sphere of hu- 
man conceptions; the faculties are strengthened 
and improved; the understanding is enlarged; and 
the mind, in the contemplation of so many glorious 
objects, finds itself drawn to that Being who in* 
forms, directs, and animates the whole. 

This formal defence of a science attended with 
i^o many obvious advantages, would have been 
unnecessary, had I consulted only my own 
prepossessions in its favour ; but as you are yet 
but little acquainted with the subject, and cannot 
possibly have obtained any rational conviction of 
its excellence, I imagined it would not be unpleas- 
ing to you, to receive some account of its practical 
utility and importance. To enumerate every par- 
ticular of this kind, would bQ useless and impossi- 
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ble. Ad attentive consideration of the subject^ 
will be more satisfactory tlian any previous infor* 
mation tba;t can pdssibly be gi^n you. 

In order to form a proper judgment of any* 
sreienoe^ it is necessary to have some knowledge of 
its nature and design. For want of this assistance, 
many writers, and even some of considerable emi« 
nance in other respects, have been egregiously 
flristakett when they have presumed to give their 
onions upon subjects which were Unconnected 
witb their own particular pursuits. Some err 
throu^ ignorance, and some through prejudice. 
Narrow minds think nothing of importance but 
their own fietvourite studies; and whatever suits 
not wkh their humour isnd taste is folly and absur** 
dity. 

Actuated by a principle of this kbd, the present 
idol of modern literature, the author of the Ram^ 
bier, has been led' to speak of the mathematical 
seienees in a manner unworthy of his abilities* 
'* It was,.'^ he observes, *^ the great praise of So^ 
crates, that he drew the wits of Greece, by his in^ 
sCruction and example^ from the vain pursuit of 
4aatural philosophy to moral enquiries ; and turned 
their thoughts from stors, and tides, and matter 
and motion, to the various modifications of virtue, 
and Illations of life." 

This thought is pursued still further, and illus- 
trated by a story which be tells of one Gelidus, a 
matbematician, who was so absorbed in bis specu-* 
lations, t^t when bis servant came to acqusunthim 
m baqie was on fii^e, and the whole neighbourhood 
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kk danger of being burnt^ h^ only replied, that it 
was very likely^ for it was the nature of fire to act 
in a circle. He even divests dm Pseodo^pbiloso* 
pher of all the comsibn feelings of bamanity, and 
makes hioi as insensible to the wants of his fiunily, 
as to the distresses ctf his neighbours^ 

Such fictions are as a^pplicable to the specoltftor 
upon morals, as to the speculaftor upon mathcttMir 
tics. There are Quixotes and pedanta in every 
pnifesMon : but instead of attempting to ridieiile a 
scienerof wkid) he was totally ignorant, he wouM 
have done well to h»ro learnt it himself, The 
mere theorist, whatever be his pursuit, is but of 
little use to society ; but we should be careful, 
when we laugh at the absurdities of a visionary 
pretender, not to depreciate the science to which he 
has unhappily directed his attention. Swift ridi- 
cules mathematicians, and mathematicians enjoy 
the satire ; not because it is founded in truth, but 
because it has wit and humour. 

The learned Joseph Scaliger proceeded in a still 
more singular manner ; he was a man who aimed 
at universal knowledge ; and being particularly de- 
sirous of eminence in the sciences, he published a 
large volumq of mathematics, in which he professed 
to have solved all the difficult problems, which 
had been considered as the master-pieces both of 
ancient and modem proficients: but when this 
work came to be examined, it was found that he 
was utterly unacquainted with the subjects that he 
had attempted to discuss. Clavius exposed his 
ignorance; and he, in return, not only abused 
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Clavius/and the rest of the mathematicianSy but 
even reviled the science itself. 

A great and comprehensive genius excludes none 
of the sciences; they all contribute, by various 
means, to adorn and embellish life ; and, for that 
reason,ought to be cultivated and improved. Happy 
is the mind that is not contracted by the study of 
philosophy, nor enervated by the charms of 
the Belles. Lettres; that can be strengthened by 
Locke; instructed by Clarke and Newton; im- 
passioned by Cicero and Demosthenes ; and ele- 
vated by the powers of Homer and Virgil. 

I am, Sec. 
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LETTER II. 

OF THE FIGURE AND MOTION OF THE EARTH* 

In my last letter I have shown you the excellence 
and advantage of astronomy in general. I shall' 
now come to particulars; and endeavour to lead 
you, by gentle and easy steps, from the first prin- 
ciples of the science, to those pajts which are the 
most interesting and useful. And as the earth we in- 
habit is constantly subject to our ohservation, and 
is that with which we are the best acquainted, a 
description of its tbrm and magnittide will naturally 
excite your curiosity and attention. 

This vast body was long considered as a large 
circular plane, spreading out on all sides to an in- 
finite distance : and the heavens, above it, in which 
the 9UD, moon and stars appear to move daily from 
east to west, were imagined to be at no great dis- 
tance from it, and to have been created solely for 
the use and ornament of our earth. Of this notion 
are the vulgar, and those who are ignorant of 
astronomy, to this day. But it is now well known 
to mathen;iaticians andv philosophers, that the earth 
is of a round or spherical tigure, nearly resembling 
that of a globe. 

The truth of this doctrine, without having re- 
course to scientific principles, will appear suffix 
ciently evident from the voyages of those cele- 
brated, navigators Magellan, Sir Francis Drake, 
Lord Anson, Cook, &c, vrho all set out, at different 
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times, to sail round the world ;. and, by steering 
their course continually westward, arrived, at 
length, at the place they departed from ; which 
could oever have happened, had the earth been of 
any other than a spherical or globular figure. 

This form is also obvious, from the circular ap- 
-pearance of the sea itself, and the circumstances 
which attend large objects when seen at a distance 
en its surface. Thus, when a ship leaves the shore, 
we first lose sight of the hull, or body of the vessel; 
afterwards of the rigging ; and at last discoti only 
the top of the mast ; which is evidently owing to 
the convexity of the water between the eye and the 
object ; or otherwise, the largest and isost conspi- 
cuous part would have been visible the longest, as 
is manifest from experience. 

Another proof, which is of no less force than 
either of the former, is taken from the shadow of 
the earth, upon the ftu^e of the moon, in the time 
of a lunar eclipse. For as €be moon has so light 
but what it receives from the sun, and ^e earth 
being, at this time, interposed between tb^m, 'the 
moon must either wholly, or in part, ^become i^- 
scure. And since in every edlipse of this Icind, 
which is not total, the daiik part always appears to 
be bounded by a circular line, ^e earth itself, for 
that reason, must be spherical ; because it is evi- 
dent, that none but a spherical body can, in all 
situations, east a circular shadow. 

Nor are the litUe unevennesses on the earth's 
surface, arising from hills and valleys^ any material 
objection to its being considered as a round body ; 
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fthice the highest mouDtains we are aqquainte^ 
VfUh, bear a less proportion to the whole bulk of 
^e earth, than the small risings on the coat of a^ 
prange bear to that fruit ; or a grain of s^a^d, tQ 
fin sur^ificial globe of a foot in diau^eter. Aqd ^f> 
p^rdjingly we find, that these trifling protuberaiifcefi 
pccasion no irregularities in the shadow of thf 
earth, during the time of a lunar eclipse ; but t^t 
thf circumference of it always appears to b^ e^^ 
^d regular, as if cast by a body perfectly globular^ 
A number of other proofs mi^ht lie giveu to t^bf 
s^UKS pyrppse; but these are the most popular, 
and such as I apprehend must entirely conviocf 
every impartial enquirer, whose object js truth, 
^4 whose mind is unclouded by sup<i>rstition, or 
^UL obstinate attachment to early notions and vulg^ 
prejudices. I mention this the more particttlarly, 
jb^cause, notwithstanding the clearest argu meats 
and most decisive demonstrations, there have beei> 
sgfafxe who have v.iole:ntly opposed this doctrine, 9fi4 
9v^ represepted it as dangerous to religion m4 
iDj^aly. Thijs, several of tiie auclent fjatthers weot 
jip far putof th^ir province, as to pronounce it be<- 
frf t}cal for an^y person to declare there were Anr 
tipodes, or people who live opposite to us upon the 

They took their objection from some passages 
irf ^ipture, which they either ill understood, or 
sfrfi^gply perverted from their true meaning. For 
it ^s fvidpnt, thjfti; tb$ «acred writers speak every 
whtrf fifcpr^it^ tp the common appearance of 

c 2 
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things ; and were not so solicitous to instruct us in 
philosophy and astronomy, as to make us good 
men, by laying before us a plain rule of faith and 
conduct. Thus, when Joshua speaks of the sun 
and moon standing still while the Jews avehged 
themselves of their enemies ; and Job describes 
the earth as being supported by pillars, they used 
the popular language of the times, without concern- 
ing themselves with the strict philosophical pro- 
priety of the terms they employed : the one being 
an historical relation ; and the other a dramatical 
composition, in which such figures of speech have 
been always allowable. 

It is not known who was the first that asserted 
the figure of the earth to be spherical ; but the 
doctrine is undoubtedly very ancient. For at the 
taking of Babylon by Alexander the Great, eclipses 
were found to have been set down and computed 
for many centuries before that time ; which, with- 
out a knowledge of the globular figure of the earth, 
qould not have been done. Thales the Milesian, 
who lived about six hundred years before Christ, 
inust likewise have been sufficiently acquainted with 
this subject ; since, according to the testimony of 
Herodotus, he predicted an eclipse of the sui?. 
** After the war, he observes, had been carried 
on for six years between the Medes and Lydians, 
as they were going out to battle, the day became 
presently as dark as the night ; which change, 
though it had been predicted by Thales to the 
lonians, so far terrified both parties, that they 
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became equally desirous of a peace, which was im- 
mediately concluded.'* (a) 

It appears, therefore, that, in those early times, 
th^ true figure of the earth was not unknown in 
the world. But it is also equally certain, that this 
knowledge was confined to a few; and that even 
some of the greatest mathematicians themselves 
were ignorant of it. Thus Heraclitus, a Greek 
philosopher, who flourished about five hundred 
years before Christ, supposed it to have the shape 
of a skiff or canoe ; Anaximander, his contempo- 
rary, imagined it to be cylindrical ; and Aristotle, 
the great oracle of antiquity, gave it a form equally 
remote from the truth. 

These, and many other absurd opinions of the 
same kind, which are attributed to the ancients, 
plainly show the confusion and uncertainty which, 
at that time, attended the subject. But it is the 
glory of modern philosophy, that this doctrine is 
now set in so clear a light, and the knowledge of 
it so generally diffused, that it is almost impossible 
it should ever again be forgotten ; or that the ra- 
vages of ignorant barbarians, should involve it in 
doubt and obscurity. We are now certain, that 



(a) This eclipse has given rise to many discussions^ and va- 
rious opinions have been advanced as to the time in which it 
happened ; but from a paper* lately published in the Philoso- 
phical Transactions, by F. Baily, Esq., it appears to have taken 
place Sept. 30th, six hundred and ten years before Christ 5 at 
which time, therefore, the knowledge of astronomy must have 
been very considerably advaaced« 
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the earth is not a lerel horizontal plane, stretched 
out infinitely on all sides, and with a bottomless 
foundation; but that it is a globular body, sus- 
pended in space, and /covered on all sides m&i in- 
numerable inhabitants ; who, by means of the arts 
of navigation and cominerce, can carry on a cot- 
rtespondence with each other, and, transport their 
commodities to the most distant regions. 

Having saki thus much concerning the figure of 
the earth I might now proceed to give you sdme 
aciDount of its bulk or magnitude; since this sllso 
has been ascertained ; and k now settled^ by 
mathematicians, to a sufficient degree of precision. 
But as the method by which the meastirement 
of this large body was effected, as well as seve- 
ral other matters relating to the true figure of the 
earth itself, depend upon principles which will be 
better explained hereafter, I must defer entering 
into those particulars till you are further advanced 
in the science, and properly prepared to understand 
them. 

That the true magnitude can be determined is 
not to be doubted. For the form of the earth being 
once known, its bulk could not long remain a secret. 
Accordingly we find that several of the ancient 
philosophers, who lived soon after the time of those 
before mentioned, attempted the solution of this 
important problem. And though the measures 
they have given are considerably wide of the truth, 
as well as different from each other, yet this was 
owing more to the inaccuracy of their instruments, 
and the want of a sufficient stock of mathematical 
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knowledge, tba« to any real difficulty or impracti- 
cabiUty in the thing itself. 

But let us leave this subject for the present^ and 
proceed to another of equal importance. — I have 
faefcffe proved to you, from the most indubitable 
arguments, that the earth is a globular body, un* 
supported by pillars of a bottomless foundation, as 
many have absurdly imagined : I shall now give 
you some account of its motion ; a thing Efiore re- 
ntiote .from vulgar* apprehension than the former, 
though equally certaitn and demonstrable. And, 
in order that you may obtain as clear and compre- 
hensive, aa idea of the subject as possible^ we will 
first take a view of the universe in general, and of 
that part of it in pairtkulaf^ which astronomers 
hiave called the visible world, or solar system. 

By the universe we are to understand the whole 
frajne of nature, as extended throughout infinite 
space. And, by the solar system, is raeaat that 
portion of the universe only, which comprehends 
the sun, planet^, satellites and comets. Of which 
system, though contrary. to what was formerly sup- 
posed, by several ancient as well as modern astro* 
nomers, the sun, is now well known to be placed in 
the centre, and to have eleven primary planets 
moving round him, each in its own path or orbit. 

The names of these planets, according to their 
distance from the centre or middle point of the sun, 
are, Mercury, Venus, the Earth, Mars, Vesta, 
Juno, Pallas, Ceres, Jupiter, Saturn, and Uranus, 
or the Oeorgium Sidus ; the latter of which was 
discovered in the year 178I, and Vesta, Juno, 
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Pallas, and Ceres,, since the commencement of the 
present century ; among which it is to be observed, 
that the two first, Mercury and Venus, having 
their orbits within that of the £arth, are called in- 
ferior planets, and the others^ which revolve beyond 
ity are called su|>erior planets. 

Now if we can form a notion of the manner in 
which our earth moves, we shall easily conceive 
the motions of all the rest of the planets, and by 
that nieans obtain a complete idea of the order and 
oeconomy of the whole system. For which pur- 
pose, nothing more is necessary than to consider 
the common appearances of the heavens, which are 
constantly presented to our view, and attend to the 
consequences that follow from such observations. 
For since it is well known that the sun and 
stars appear to move daily from east to west, and 
to return nearly to the same places in the heavens 
again in twenty-four hours, it follows that they 
must really move, as they appear to do, or else 
that we ourselves must be moved, and attribute 
our motion to them ; it being a self-evident prin- 
ciple, that, if two things change their situation with 
respect to each other, one of them, at least, must 
be moved. 

But if this change be owing to the revolution of 
the stars, we must suppose them to be endowed 
with a motion so amazingly rapid as to exceed all 
conception. Since it is known, by calculations 
founded on the surest observations, that, their dis- 
tances from us are so immense, and the orbits in 
which they revolve so prodigiously great, that the 
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nearest of them would move at least a hundred 
thousand miles in a minute. Now as nature never 
does that in a complicated and laborious manner 
which may be done in a more simple and easy one; 
it is certainly more agreeable to reason, as well as 
to* the power and wisdom of the Creator, that these 
effects should be produced by the motion of the 
earth ; especially as such a motion will best ac- 
count for all the celestial appearances, and, at the 
same time, preserve that beautiful simplicity and 
harmony, which is found to prevail in every other 
part of the creation. 

This argument will also appear still more forci- 
ble, if we compare the vast bulk of the celestial 
bodies with the bulk of our earth. For it is well 
known to astronomers, that the sun is above a mil- 
lion of times bigger than the earth; and, consequently, 
judging from analogy, it follows that many of the 
stars are at least of an equal magnitude. It is 
much more probable, therefore, tliat the earth re- 
volves round its axis, with an easy natural motion, 
once in twenty- four hours, than that those vast 
bodies should be carried from one place to another, 
with such incredible velocities; 

Nor is it any objection to this rotation of the 
earth, that we are unable to perceive it. For as 
the motion of a- ship at sea, when she sails swiftly 
over the smooth surface of the water, is almost, if 
not wholly imperceptible to the passengers and 
company on board ; much more so must it be with 
such a large body as the earth, that has no impedi- 
ments or obstacles of any kind in its way, to dis- 
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turb its motion. A balloon, turning upon its axis, 
as it floats through the atmosphere, afibrdis a sen- 
sible representation of the earth, in its annual pro- 
gress round the sun : 

*' That spinning sleeps. 
On her soft axle^ as she paces even^ 
And bears us swift with the smooth mr along." 

Milton, 

And, in a manner equally easy, may another ob- 
jection be removed, which has frequently been 
brought against this doctrine. It has been asserted, 
that if the earth moved, a stone dropped from the 
top of a tower, or any other high building, would 
not fall just at the bottom of it^ as the building 
must have advanced considerably forward during 
the time of the fall. But this is evidently a mis- 
take ; for it is well known, by repeated experi- 
ments, that if a body be projected from another 
body in motion, it will always partctke of the mo- 
tion of that other body. Thus, a stone dropped 
from the top of a mast, whilst the ship is under 
sail, is not left by the vessel, but will fall at the foot 
of the mast. And if a bottle of water be hung up 
in the cabin, with its neck downwards, it will empty 
itself, drop by drop, into another bottle placed 
exactly beneath it, tiiough the ship shall have run 
many feet whilst each drop was in the air. (^) 
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(b) The objection above mentioned, was one of the principal 
arguments, of a philosophical nature, that was advanced 
against the rotation of the earth, by the opposers of the new 
system 5 and it was thought, for some time, to be undnswef- 
able. But when the com}K>s]tion - and resolution of foicei 



LET. II.] OF THE EARTH. 27 

This motion of the earth round its axis, which, 
firom the instances already given, has been rendered 
sufficiently evident, is called its diurnal, or daily 
motion ; and is that which occasions the regular 
return af day and night, and all the celestial ap- 
pearances before mentioned. But there is ilso 
another motion of the earth, called its annual, or 
yearly motion, which occasions the various vicissi- 
tcides of the seasons, summer^ winter, spring, and 
autumn. 

And the proofs of this second motion may be 
easily gathered from celestial appearances, in nearly 
the same manner as the farmer. For as the sud 
Seems to move round the earth, from east to west, 
in the space of a day, which is really owing to th^ 
diurnal rotation of the earth upon its axis, in a 
contrary direction, so, likewise, he seems to have 
an annual motion in the heavens^ and to rise and 
seft continually in different parts of them ; which is 
certainly occasioned by the daily motion of the 
earth in its orbit, or path round that lurninary, 
which it completes in the space of a year. 

That the earth, indeed, is not the centre of tl^ 
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became better understood, it was perceived, that a body 
dropped from the top of a tower, instead of being left behind, 
or &]ling to the westward of it, ought to be carried fbrward, 
a&d &11 to the eaetward, in consequence of the centrifiigal 
fepce Ibeing something greater at the top of the tower than 
at the bottom } and from several accurate experiments this 
has been found to be the case. Thus a circumstance which 
was brdught forward to refute this doctiine, might now, if 
li^c^sary, he a^vaiiced as a demonstration in support ^ it. 
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celestial motions, may be easily shown from 
the revolutions and appearances of the different 
planets which belong to our system. For it is 
certain, that wherever the sun may be placed, the 
orbit of Venus surrounds and incloses him within 
itself; and therefore Venus, whilst she describes 
this orbit, mujst really move round the sun. For 
this planet is observed to be sometimes above, or 
beyond the sun ; and sometimes below him, or be- 
tween the sun and us : but she was never known 
to come in opposition to the sun, or to be seen in 
the east when he was in the west ; which must ne- 
cessarily have happened, if she had performed her 
revolution round the earth, in an orbit like that of 
ttie moon. 

In like manner. Mercury is always found to keep 
in the neighbourhood of the sun, without ever re- 
ceding from him so far as Venus ; but as he is 
continually involved in the splendor of thp sun's 
rays, he can seldom be seen without the assistance 
of a telescope. The superior brightness of this 
planet affords, likewise, a sufficient proof, that he 
must be much nearer to the sun than any of the 
rest ; from both of which circumstances it is evi- 
dent, that the orbit of Mercury is included within 
the orbit of Venus, and that, like that planet, he 
regards the sun as the centre of his motion. 

Mars, Vesta, Juno, Pallas, Ceres, Jupiter, Sa- 
turn, and the Georgium Sidus, being superior 
planets, must necessarily include the earth in their . 
orbits ; but from their various elongations, or dis- 
tances from the sun at different times^ as well as 
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from their stationary and retrograde appearances, 
it IS plain that the sun, and not the earth, must also 
be the centre of their motions, or the body round 
which they perform their respective revolutions. 

Hence it appears, that the earth itself must like- 
wise move round the sun. For since, by the place 
it obtains in the svstem, it has those moveable 
bodies Mercury and Venus on one side, nearer to 
the sun, and Mars, and the other superior planets 
on the other side, more remote, it follows, from 
analogy, that, being of the same nature as they 
are, it must also partake of the same sort of mo- 
tions. And as the earth is placed between Venus 
and Mars, so the period likewise in which it per- 
forms its course round the sun, is a mean between 
the periods of those planets, being greater than the 
one, and less than the other, as would naturally 
follow from sujch a motion. 

The absurdity, indeed, of supposing the earth a 
sedentary and immoveable body, is sufficiently ex- 
posed in the following speech of Adam to the angel 
Raphael, when be is enquiring concerning the na- 
ture of the celestial motions : 

*^ When I behold this goodly frame, this world 
, Of heav'n and earth consisting, and compute 
Their magnitudes, this earth, a spot, a grain. 
An atom, with the firmament compared 
And all her numbered stars, that seem to roll 
Spaces incomprehensible ( for such 
Their distance argues, and their swift return 
Diiu*nal} merely to officiate light 
Round this opacous earth, this punctual spot. 
One day and night} in all their vast survey 
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Useless besides ; reasoning I oft admire 
How Nature^ wise and frugal^ could commit 
Such disproportions."—— 

Milton. 

Many other proofs might also be givieo^ which 
estAblish this doctrine upon the surest foundation, 
and secure the abettors of it from all possibility of 
^onta:adiction. But in a thing which admits of abso- 
Ivtifi certcunty, there have been those who were so 
l^^ersely ignorant as to refuse all coqviction. This 
opinion of the motion of the earth, like that of its 
figure, bas met with continual opposition ; and its 
9dvocates have been br$inded with the most ignp* 
ipinious titles, and persecuted with all the rage of 
fanaticisqa. 

The celebrated Aristarchus of Samos, for de- 
fending this doctrine, was brought before the beoeji 
of the Areopagites, and accused, by bis adversary, 
of having violated the laws of religion and moirality. 
And, littje more than jbwo bundr^ed yeitrs ^nee, the 
gre^Jt Qalileo met with the saine fate. He was 
sufnfUQned before the tribunal of the inquisition, 
and obliged solemnly to Q.bjur)e l^s astronomical 
tenets ; that the sun was immoveable, in the midst 
of the universe, and that the earth revolved round 
it as its proper centre. With which requisition he 
was forced to comply ; and to declare that be did 
with a sincere heart, and faith i^nfeigned, abjure, 
curse and detest, these errors and heresies. 

Such are the obstructions that' have been con- 
stantly thrown in the way of science and knowledge. 
But, happily for mankind, the persecuting spirit of 
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bigotry and enthuisiasm is now losing ground ; and 
the dogmas of papal authority, are as little regard- 
ed as the infallibility of its decisions. Philosophers, 
of every country, embrace the doctrine of Galileo, 
and are no longer subject to the arbitrary control 
of monks wd inquisitors. That furious spirit of 
de^poti^m and iujtolerance which has long held an 
usurped dominion over the powers of the mind, ^ 
well as those pf the body, is at length giving w^y 
to a more reSnied polity; and the friends of n^fM^^ 
kind hiave reason tp hope, . that the time is not far 
off, when the greater part of Europe will be suf- 
fered to enjoy, in quiet, that freedom of opinipQ, 
both in religipo and ihe sciences, which is the birth- 
right privilege of every human being. 
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LETTER III. 

OF THE SOLAK SYSTEM, AND THE FIRMAMENT OF 

THE FIXED STARS. 

As the figure and motion of the earth are now suf- 
ficiently established, it will be proper to turn our 
attention to the rest of the planets ; and, from de- 
scribing their'nature and properties, to exhibit a 
summary view of the whole system. In the first 
place, then, it is to be observed, that the planets 
are all opaque spherical bodies, like our earth, that 
have no proper light of their own, but shine by 
means of the borrowed light which they receive 
from the sun : and therefore, only that side of them 
which is turned towards him, can receive the benefit 
of his light, whilst the opposite side, which the 
borrowed rays cannot reach, remains in obscurity, 
till by the rotation of the planet on its axis, it is 
itself turned towards the sun, and becomes equally 
illuminated by his beams. 

The planets are also not only similar to our 
earth in form and structure, but they are likewise 
known to perform their revolutions round the sun 
in the same manner. For by the regular appear- 
' ance and disappearance of several remarkable dark 
spots, which, by means of a telescope, are con- 
stantly to be seen on their bodies, we ai-e able to 
ascertain that they must have such a motion about 
their axes, as answers to the diurnal rotation of the 
earth. And from their seeming at certain times 
to be moving forward, and at others to be station- 
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ary, and then to go backwards, or be retrograde, 
we are equally certain, that they must have such a 
progressive motion round the sun, as answers to 
the annual revolution of the earth in its orbit. 

Mercury, the nearest planet to the sun, goes 
round him in about eighty-seven days and twenty- 
three hours, or a little less than three months; which 
is the length of his year. But being seldom seen, 
on account of his proximity to the sun, and no 
spots appearing on his surface, or disk^ the time 
of his rotatioa upon his axis, or the length of his 
days and nights, is not so accurately determined as 
in some of the other planets ; though Schroeter, a 
German astronomer, has lately found, from the 
variation of the horns of his phases, that he has 
such a motion ; which, according to his estimation, 
is performed in little more than twenty-four hours, 
being nearly the same as that of the earth. His 
distance from the sun is computed to be about 
thirty -six millions of miles, and his diameter thsee 
thousand one hundred and twenty ; and in his 
course round the sun, he moves at the rate of a 
hundred and five thousand miles an hour. 

This planet, when viewed, in different positions, 
with a good telescope, seem^ to have all the 
phases or appearances of the moon, except that he 
can, at no time, be seen entipely round, or quite 
full ; because his enlightened side is never turned 
directly towards us, except when he is so near the 
sun as to be hid in the splendour of his beams. 
Hence, from these phases, it is evident, that he 
shines not by any light of his own, as the sun does, 

D 
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as he would in that case certably appear, 9X all 
times, round like that luminary. 

Venus, the next planet above Mercury, is com- 
puted to be s^xty-eight millions of miles from the 
sun, and by moving at the rate of seventy-sis^ thou- 
sand miles an hour, she completes her annual re- 
volution in 224 days and 16 hours, or about sevea 
months and a half. Her diameter is seven tbou- 
i^and seven hundred miles, and her diurnal rota* 
tion on her axis, is performed in 25 hours and 21 
minutes. When this planet appears to the west of 
the sun, she rises before him in the morning, and 
is called the Morning Star ; aiid when she appears 
to the east of the sun, she shines in the evening 
after he sets, and is then called the Evening Star ; 
heing in each situation, alternately, for about 290 
days : and during the whole of her revolution^ she 
appears, through a telescope, tp have all the shapes 
and appearances of the moon. 

The next planet above Venus, in our system, is 
the Earth. Its distance from the sun is ninety- 
three millions of miles, and by moving at the v^te 
of fifty-eight thousand miles an hour, its annual re- 
volution is performed in $65 days, 6 hours, or the 
space of a year; which motion, though ISO times 
swifter than that of a cannon-ball, is but little more 
than half the velocity of Mercury in his orbit. The 
earth's diameter is about seven thousand nin^ hun- 
dred piiles ; and as it turns roupd its axis every 
24 hours, from west to east, it occasions an s^ppa- 
rent motion of all the heavenly bodies, from east 
to west, in the same time. 
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Next above the Earth's orbit, is Mars, whose 
distance from the sun is compated to be about one 
hundred and forty-two millions of miles. He 
moves at the rate of fifty -five thousand miles an 
hour, and completes his revolution round the sun 
in a little less than twb of our years. His diameter 
is four thousand three hundred and ninety miles ; 
and his diurnal rotation upon his axis is performed 
in about 24 hours and 39 minutes. This planet 
sometimes appears gibbous, but never horned, like 
the moon, which plainly shows, that his orbit in- 
cludes that of the earth, and that he shines not by 
his own native light. 

The next planet in our system is Vesta, for the 
knowledge of which we are indebted to Dr. Olbers 
of Bremen, being first discovered by him March 
29th, 1 807. Its distance from the sun is about 
two hundred and twenty-three millions of miles, 
and its annual revolution in its orbit is performed 
in about 3 years 7f months. But neither its 
diameter, nor the duration of its diurnal rotation, 
have yet been ascertained. 

Juno, the next fn order, is another new planet, 
discovered by Mr. Harding, at the observatory at 
Lilieothal, near Bremen, Sept. 1st, 1804. The 
mean distance of this planet from the sun is esti- 
mated at two hundred and fifty-three millions of 
miles, and its annual revolution is performed in 4 
years, 4 months, and 6 days ; but its diameter, and 
the time of its revolving on its axis is unknown. 

The next superior planet above Juno, is Pallas, 
which was first observed by Dr. Olbers, March 

D 2 



36 OF THE SOLAR SYSTEM, AND [LET. 111. 

28th^ 1 802 : the mean distance of which, from the 
sun, is reckoned to be about two hundred and 
sixty-three millions of miles, and its revolution in 
its orbit is i&ade in about 4 years 7 months and 
10 days; but like the two former, its diameter 
and diurnal rotation have not been at present as- 
certained* 

Ceres is the next higher planet, in our system -, 
which was first discovered by Piazzi, oi Palermo, 
Jan, 1st, 1801. Its mean distance is nearly the 
same as that of Pallas, being estimated, in round 
numbers, at two hundred and sixty-three millions 
of miles ; and consequently its annual revolution 
is also nearly the same^ being performed in 4 years, 
7 months, and 1 1 days. 

The extlreme minuteness oftheseplaoets, as well 
as the little time since they have been discovered, 
and their great distance from us, render the results 
of our observations upon them in some measure 
uncertain ; we have, however, reason to conclude, 
that none of their diameters exceed four hundred 
miles, nor are less than a hundred miles. But, at 
present, no accurate estimate can be made of the 
time of their diurnal rotation. 

Jupiter, is the largest of all the planets, and is 
reckoned to be about four hundred and eighty-five 
millions of miles from the sun; and by going at the 
rate of twenty-nine thousand miles an hour, be com* 
pletes his annual revolution in something less than 
twelve of our years. His diameter is computed to 
be ninety-one thousand five hundred miles ; and, 
by a prodigiously rapid motion upon his axis, he 
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performs his diurnal rotation in 9 hours and 55 
minutes. 

Saturn, the next planet in the system above Ju- 
piter, is about eight hundred and ninety millions of 
miles from the sun; and by moving at the rate of 
twenty-two thousand miles an hour, he performs 
his annual circuit round that luminary in a little 
less than 291 of our years. His diameter is com- 
puted to be about seventy-six thousand miles; 
but, on account of his immense distance, and the 
deficiency of light occasioned by such a remote 
situation, the time of his diurnal rotation upon 
his axis was formerly unknown. It is now 
however ascertained to be about 10 hours 16 
minutes. 

The next and highest planet in our system at 
present known, is Uranus, or the Georgium Sidus; 
which \yas first discovered by Dr. Herschel, March 
ISth, 1781. The elements of this planet have 
been now accurately determined ; from which it 
appears, that its mean distance from the s\m is 
about one thousand eight hundred millions of 
miles, and its diameter thirty-five thousand. Its. 
annual revolution is performed in about 84 years; 
but the time of its revolving on its axis has not 
been discovered by observation ; although, from 
analogy, Laplace conceives that i( must be per- 
formed in about the same time, or rather less, than 
that of Saturn. 

The various particulars of this and the other new 
planets, being highly interesting, I shall speak of 
them more at large in some future letter. At present 
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it is only necessary to observe, that beside the pri- 
mary planets here mentioned, there are eighteen 
others, called secondary planets, or satellites, 
which regard the primaries as the centres of their 
motions, and revolve about them in the same man- 
ner, as those primaries themselves revolve about 
the sun. 

One of the most conspicuous of these satellites 
is the Moon, who is a constant attendant on our 
Earth; and, whilst she accompanies it in-its annual 
progress through the heavens, keeps revolving 
round it continually, by a different motion, in the 
space of a month. The Moon's diameter is about 
two thousand one hundred and sixty miles ; her 
distance from the Earth two hundred and thirty 
seven thousand miles ; and in bulk she is about 
one sixteenth part of that of the Earth. Jupiter has 
four such moons, Saturn seven, and Uranus six; 
and from the continual change of their phases, or 
appearances, it is evident that these also are opaque 
bodies, like the planets, and shine only by means ' 
of the borrowed Ught which they receive from the 
stin. 

« 

It m^y also be observed, that our Earth is a . 
moon to the Moon, waxing and waning in exactly 
the s^me manner ; but appearing always station- 
ary, and presenting a diameter near four times 
greater than hers appears to us; the whole 
disc being thirteen times larger, and, of course, 
affording a proportional quantity, of light. When 
she changes to us, the Earth will appear full to her, 
and when she is in her first quarter to us, the Earth 
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will he in its third quarter to her. And, as her 
axis is almost perpendicular to the plane of the 
ecliptic, one half of her orb will be constantly il- 
luininated by the reflected light afforded by the 
Earth in the sun's absence, whilst the other half 
will have a fortnight's darkness, and a fortnight's 
light, alternately. 

The rotation of the Moon upon her axis, is also 
performed in exactly the same time that she goes 
once round the Earth, as is evident from her al- 
ways presenting the same face to us during the 
whole of her monthly revolution ; and, on this ac- 
count, it is plain that the inhabitants of one half 
pf die lunar world, are totally deprived of q. 
sight of the Earth, and must for ever remain 
ignorant of its existence, unless business, or plea- 
sure, leads them to explore the opposite hemis- 
phere; where they may have a full view of our 
globe, appearing to them like a newly-created planet, 
with a disc near 13 times larger than that of the 
sun. 

A number of other Circumstances relating to this 
subject, will be mentioned in their proper places. 
But a gener'al idea of thte solar system, together 
with the periods, distances, bulks, &c. of the planets, 
will be best acquired from the following table, 
which is formed from the latest observations of the 
best modern astronomers. A minute exactness 
in these matters, cannot be easily obtained; and 
as the nearest approximate numbers are better re- 
tained ii^/ the memory than those which are more 
accurate, I have preferred this method of express- 
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ing them for the present, but, when occasion re- 
quires, shall be more precise, (c) 

Mean and proportional Distances of the Planets 

from the Sun. 

Mercury 

VcnujB 

Earth 

Mars 

Veata 

Juno 

Pallas 

Ceres 

Jupiter 

Saturn 

Uranus 

Moon's distance ft-om the Earth 237000 miles^ 

Times of Periodic Revolutions of the Planets. 



Englith miles. 

36 millions 


Prop, dist 
0-4 


6B 




0-7 


93 




1-0 


142 




1*5 


223 




2*3 


253 




2-6 


263 




2^7 


263 




2-7 


485 




5'^ 


890 


• . - • 


9*5 


1800 




19'! 



Mercury 

Venus 

Earth 

Mars 

Vesta 

Juno 

Pallas 

Ceres 

Jupiter 

Saturn 

Uranus 



Days. 

87-97 

224-70 

365-25 

686-98 

1313-00 

1586-00 

1680-00 

1680?00 

4332-60 

10759-00 

30688-90 



The Moon revolves about the Earth in 27 days 7*716 hours. 



(c) The explanation of the terms made use of in this Table, 
as well as in several other parts of the book, are to be found 
at the end of the work. 
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I>iameters of the Sun and Planets. 




Real diam. Eng. milef 
883246 

3123 

7702 

7916 

4398 



App. diam. 
32' 3" 

7 

17 

. • 
0' 11'' 



Not known, but probably none less than 
100 miles, nor greater than 400 mjl^. 



91522 

76018 

35100 

2160 



39 

18 

4 

31 8 



Proportion of Bulky and DensitieSy of the Sun and 

Planets. 





Prop. bulk. 


Prop. dent. 


Sun 


1380000 


X 

IS 


Mercury 


z 


2 


Venus 


S 


H 


Earth 


. . 1 . . 


1 


Mars 


.^ . .V • ^ 


A 


Jupiter 


1400 


• TTTDT 


Saturn 


1000 


- -ri. 


Uranus 


90 . 


X 

T 


Moon 


. . A . • 


I 
TV 



The bulks and densities of Vesta, Juno, Pallas, and Ceres, 
are not known. 



Diurnal Rotation of the Sun and Planets. 



Sun 

Mercury 

Venus 



25 days 12 hours 
. : 24-0038 
23*3666 
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Earth 




• 


23^9333 


Mars 




• 


24-656 1 


Jupiter 




• V 


9-9360 


Saturn 




• 


10-2720 


The Moon 




27 


days 7*7 16 hours. 



Note, The times of rotation of the five new planets have 
not at present been ascertained. 



Eccentricities of the Planetary Orbit s^ in parts 
, of the semi^transverse axis. 



Mercury 






0-205 


Venus 






0-007 


Earth 






0-017 


Mars 


K 


» ) 


0-093 


Vesta 


• 1 


1 


0-097 


Juno 


1 


1 


0-254 


Pallas 


p 


• 4 


0-246 


Cel-es 






0-076 


Jupiter 


> 


1 


0-048 


Saturn 


\ 




0-056 


Uranus 






0-047 


yiclination of the Planetary Orbit 


Mercury • . ' • • 7° 40^ 


Venus 


* X 




3 23 


Earth 


• 




00 


Mars 


> 




1 51 


Vesta 


> * 




7 5 


Juno 


1 




13 4 


Pallas 




• 


34 i% 


Ceres 






10 38 


Jupiter 






1 19 


Saturn 




A ^ 


2 29 


Uranus 
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Besides their satellites, or moons, the two 
planets, Jupiter and Saturn, are distinguished from 
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the rest in a manner still more remarkable. The 
body of Jupiter is surrounded by several parallel 
faint and variable substances called Belts. And 
Saturn has a magnificent double luminous Ring, 
which encompasses him, at such a distance, that 
stars have sometimes been seen between the in- 
ward surface of the ring and the body of the planet. 
But neither these appearances, nor the satellites 
themselves, can be discerned without the assist- . 
ance of a telescope. 

Various instruments have been constructed by 
ingenious mechanics, for the purpose of exhibiting, 
in a sensible manner, the several motions of these 
bodies ; but many of them are so complicated in 
their construction and appearance, that they rather 
confuse the student, and render the subject, which 
they are intended to illustrate, more obscure and 
complicated. There are others, however, of a more 
simple nature, which may, in some cases, be used 
to advantage ; of which kind is the planetaruoi, 
represented in Plate ji,; which by means of its in- 
ternal mechanism, gives motion to the six primary 
planets^ Mercury, Venus, the Earth, Mars, Jupiter 
and Saturn ; tl:ie satellites and other planets being 
omitted to prevent confusion, (jdf) 

Archimedes is said to have invented an instru- 

{d) These are proportioned^ as near 93 can be done on a 
small scale^ to the various magnitudes, distances and periodic 
revolutions of the pl^ets they ar? meant to represent 5 and 
when put in motion give a tolerable idea of the mechanism 
of the solar system 5 or, at least of that part of it which ia 
comprehended by them. 
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-Hientoftbis kind, which exhibited all the celestial 
tnotJons in the most natural order; but of the exact 
nature of its construction we are not informed. It 
is frequently alluded to by the Latin poets, parti* 
cnlarly by Ciaudian, whose much admired epigram 
on this subject is in £nglish, as follows : 

*' When in a glass's narrow sphere confined, 
Jove saw the fstbric of th' Almighty mind, 
He smiled and said 3 ^'Can mortal's art alone 
Our heavenly lahours mimic with their own ? 
The Syracusan's brittle work contains 
Th' eternal laws that through all nature reigns : 
Framed by his art see stars unnumbered burn. 
And in their courses rolling orbs return ; 
His sun through various signs describes the year. 
And eveiy month his mimic moons appear. 
Our rivaFs laws his little planets bind. 
And rule their motions with a human mind. 
Salmoneus could our thunder imitate ; 
But Archimedes can a world create.^^ 

Having thus enumerated the planets and their 
attendants ; the comets are now the only bodies 
belonging to our system, which remain to be men- 
tioned ; and of these the number is unknown. But 
from a variety of observations which have been 
made on some of the most remarkable ones, it has 
been found that they move round the Sun, and cross 
the orbits of the planets in various directions. 
They are also solid opaque bodies, of different mag- 
nitudes, like the planets; and are distinguished 
from them principally, by long fiery tails, which 
continually issue from that side of them which is 
furthest from the sun. 

The orbits in which these vast bodies move, arc 
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exceeding long ovals, or very eccentric ellipses, of 
such amazing circumferences, that in some parts 
of their journey through the heavens, they approach 
so near the sun, as to be almost vitrified by his 
heat ; and then go off again into the regions of in- 
finite'space, to such immense distances, as must 
nearly deprive them of th^ light and heat which 
the rest of the planets receive from that luminary. 

What a magnificent idea of the Creator and his 
works is here presented to the imagination ! The 
sun, a stupendous lumincfus body, is placed in the 
centre of the system, round whose orb, the planets, 
satellites, and comets, perform their revolutions, 
with an order and regularity that must fill our 
minds with the most exalted conceptions of their 
divine Original. Who can contemplate the mag- 
nitudes and distances of these vast bodies, and the 
beautiful harmony of their motions, and not be 
struck with the grandeur of the scene, and the 
power of omnipotence! But what must be our 
astonishment when we are told, that this glorious 
system, with all its superb furniture, is only a small 
part of the universe ; and if it could be wholly an- 
nihilated, would be no more missed, by an eye that 
could take in the whole creation, than a grain of 
sand from the sea-shore. 

To form a proper idea of the extent of the uni- 
verse, and the more glorious works of creation, we 
must turn our attention to the starry firmament ; 
and visit those numerous and splendid orbs which 
are every where dispersed through the heavens, 
. fiBfr beyond the limits of our planetary system. 
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*^ W€, thougii ttom heaVn remote^ to hcav'n will mofe 
With strength of Biind> and tread the abyss above y 
And penetrate, with an interior light. 
Those upper depths, which natare hid from sight* 
Pleased we will be to walk along the sphere 
Of diimng Stan, and travel with the year } 
Tro leave the heavy earth, and scale the height 
Of Atlas, who supports the heavenly weight ; 
To look from upper light, and thence survey 
Mistaken mortals wand'ring from the way." 

Ovid. 

It is in these higher regions, that the Almighty 
has displayed himself in such indelible characters 
as mtist rouse the most insensible spectator, and 
fill his mind with admiration and astonishment. 
By contemplating the magnitudes and distances of 
the fixed stars, all partial considerations of high 
and low, great and small, vanish from the mind ; 
and we are presented with such an unbounded 
view of nature, and the immensity of the works of 
creation, as overpowers all our faculties, and makes^ 
us ready to exclaim with the Psalmist, "Lord, 
what is man, that thou art mindful of him, or the 
son of man, that thou regardest him ?'' 

The fixed stars are distinguished from the 
planets by being more bright and lumiDous, and 
by continually exhibiting that appearance which 
w^ call the scintillation, or twinkling of the stars. 
This, probably, arises from their appearing so ex- 
treniely small, that the interposition of any very 
minute substance, of which there are many con- 
stantly floating iti the atm<Mjphere, deprives us of 
the sight of them : but as the interposed body sooa 
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changes its pla^e, we ag^in see the star ; and this 
succession being perpetual^ occasions the twink- 
ling. 

But a more remarkable property of the fixed 
stars, and that frooi which they obtained their name, 
i^ their never changing their situation with regard 
tb each other, as the planets do. For though the 
revolution of the earth upon its axis occasions an 
apparent daily motion of the whole frame of the 
heavens, in a contrary direction ; yet any two fixed 
stars being observed, at several distant intervals of 
time, will always be found to preserve the same rei- 
lative position during the whole of this revolution.. 

It is not to be imagined, that the stars are placed 
in one concave surface, so as to be all equally dis- 
tant from us ; but that they are dispersed through 
unlimited space, in such a manner, that there may 
be as great a distance between any two neighbour-* 
ing stars, as there is between our sun and those 
which are the nearest to him. So that an observer^ 
who. could be placed near any fixed star, would 
consider it alone as a real sun, and the rest only as 
so many shining points, placed at equal distances 
from him in the firmament. 

It is generally supposed, that the difference we 
perceive in the size of the stars, arises from their 
different distances, and that those which appear 
the. largest axe the nearest to us ; hence these are 
said to be of the first magnitude ; those that appear 
something less, of the second magnitude ; and so 
on as far as. the sixth ; which includes all the stars 
that are visible without a telescope. And though 
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in a clear winter's night, when the moon is below 
the horizon, the stars seem ta be innumerable, yet 
when the whole firmament is divided into signs 
and constellations, as it has been by the ancients, 
the number which can be seen at once, by the 
naked eye, does not far exceed a thousand. 

Since the invention of the telescope, indeed, the 
number of the fixed stars has been justly consider- 
ed as immense; because the more perfect our in- 
struments are, the more stars always appear to us; 
and as we cannot conceive any bounds to infinite 
space, no more can we even in imagination affix 
any limit to the number of the stars, which are dis- 
persed through it in every direction. The Galaxy, 
or Milky-Way, is one continued cluster of small 
stars, which combine to illuminate that part of the 
firmament, and diffuse such a shining whiteness 
througNt ; and in this portion of the heavens only, 
the telescope discovers to us that their number is 
without bounds. 

** A broad and ample road, whose dust is gold^ 
And pavement stars, as stars to thee appear^ 
Seen in the Galaxy, that milky way. 
Which nightly, as a cirling zone thou seest 

Powder'd with stars.** 

, Milton. 

The immense distance of the fixed stars from 
our earth, and from each other, is, of all conside- 
rations the most proper for raising our ideas of the 
works of God, and the extent of the creation. The 
largest star in appearance, and therefore probably 
the nearest to us, is Sirius, or the dog-star. Now 
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the earthy in moving round the sun, is one hundred 
and eighty-six millions of miles nearer to this star 
in one part of its orbit, than in the opposite one; 
and yet its magnitude does not appear to be in the 
least altered^ or its distance affected by it. The 
celebrated Haygens carried his thoughts sd far 
upon this subject, as to believe that there might be 
stars, at such inconceivable distances from our 
earth, that their light, though it is known to travel 
at the rate of more than ten millions of miles in a 
' minute, has not yet reached us since the creation of 
the world. 

The stars being at such pfodig|ious distances 
from the sun, cannot possibly receive from him so 
strong a light as they seem to possess, nor even a 
degree of brightness sufficient to make them vi- 
sible to us. For his rays would be so scattered 
and dissipated before they could reach such remote 
objects, that they could never be transmitted back 
to onr eyes, so as to render those objects visible 
by reflection. The stars, therefore, shine with their 
own native and unborrowed lustre, and are totally 
different from the planets, which are opaque or 
dark bodies, without any other light than what 
they receive from the sun. 

Modern discoveries, also, make it probable, that 
each of these fixed stars is a sun, having worlds 
rovolving round it, as our sun has the earth and 
other planets revolving about him. For it is not 
to be imagined that the Almighty, who always acts 
with infinite wisdom, and does iiothing in vain, 
should have created so many glorious suns, fit for 

E 
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50 maay importaiit purposes, and placed them at 
such distances from one; anotheri without proper 
objects near enough to be benefited by their in* 
fluence. Whoever supposes that they were made 
only to give a ftdnt glimmering l^bt to the inhabi- 
tants of this, globe, must have a very superficial 
knou' ledge of astronomy, and a mean opinion of 
the divine wisdom : since many of the stars are so 
far from benefiting us, that they cannot be seen 
without the assistanceof a telescope; and the Deky^ 
by an infinitely less exertion of creating power,^ 
could have given our earth much more J^ht, by 
means of one single additional moon* 

Instead, therefore, of one sun, and one world 
only in the universe, as the unskilful in su^troaomy 
imagine, that science discovers to us such an in- 
ccmceivable number of suns, systems, and worlds^ 
dispersed through infinite space, that our plane^ 
tary system compared with the whole^ appears but 
as a point, or atom, and is almost lost in the im^ 
mensity of creation. The Georgium Sidus, not- 
withstanding, revolves round the sun in an orbit 
of above ten thousand millions of piiles in circum- 
ference,, and some of the comets make exnursions, 
of many millions of miles beyond this ; and yet, at 
thatamazing distance, they are incomparai;>ly nei^r^ 
to the sun than to any of the fixed stars; as is evi- 
dent from their keepingclear of the stars, and return- 
ing periodipally by virtue of the sun's attauction. 

Since the fixed stars, therefore, are prodigious 
spheres, possessing in themselves the power of illu^ 
mination, and are at incon^^vabie distances firom 
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each other, as well as from us, it is reasonable to con- 
clude that they are made for the same or similar 
purposes with our sun ; to bestow light, heat, and 
vegetation on a certain number of planets and sa- 
tellites which revolve about them. And, from what 
we know of our own system, it seems probable, 
that all the rest wre with equal wisdom contrived, 
situated, and provided with accommodations for 
rati(»ial inhabitants. For although there b an in- 
finite variety in those parts of the creation, which 
we have an opportunity of examining, yet there is 
a general analogy running through and connecting 
all the parts into .one scheme, one design, one 
whole ! 

To coocliide, in the words of an admired writer 
upon this subject; ^'What an august, what an 
amaiing conception, if human imagination can con- 
Q&ve it, does this give of the works of the Creator! 
TtiousandsoflhouBaiidsofsuns, multiplied without 
^nd, and ranged all around us, at immense dis« 
taaces from each otber, attended by ten thousand 
times tea thousand worlds, all in rapid motion, 
yet calm, regular, aad haroftonious, invariably keep- 
ing tbe paths prescribed them ; and these worlds 
peopled witfi myriads of intelligent beings, formed 
for an endless progression in perfection and felicity. 

^' If so much power, goodness and magnific^ce, 
be displayed in tbe material creation, which is the 
least considerable part of the universe, how great, 
wise and good must he be, who made and governs 
the whole!" 
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LETTER IV. 

OF THE SYSTEMS OF PTOLEMY, TYCHO *BRAHE, AND. 

COPERNICUS. 

Of all the gifts and benefits which the Author of 
nature has so plentifully bestowed upon mankind, 
those which consist in the improvement of the 
-mind by arts and sciences are the most estimable. 
And, independently of the practical advantages 
which society derives from the cultivation of them, 
they afford us more pure and unalloyed pleasures 
than any of the gratifications of sense can possibly « 
bestow. 

The unbounded view of nature, which I have 
laid open in my last letter, and the wonderful ope*^ 
rations of the Deity in every part of this stupen- 
dous fabric, will not only ennoble the mind and 
strengthen the understanding, but it is likewise cal* 
culated to answer a still more important purpose, 
that of laying a sure foundation for natural religion, 
and leading us, in the most satisfactory manner, to 
a knowledge of the great Author and Goveirnor of 
the universe. 

To study nature, is to search into the works of 
the creation ; where every step must lead us to form 
more exalted ideas of the Divine Being who prevails 
throughout, directs and animates the whole. From 
the microscopic animalcule, which is indiscernible 
to the unassisted eye, to the great and immeasur- 
able luminaries of heaven, he is every where pre- 
sent. And whilst we perceive his wisdom and 
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power thus equally displayed in the motions and 
operations of the greatest and subtilest parts of 
the creation, we cannot but be excited and ani- 
mated to correspond with the general harmony. 

What sublime ideas of this great Being, do we 
obtain from contemplating the vast diversity of his 
works, which the cursory survey we have taken of 
them, imperfect as it is, affords us ; and how is the 
mind enlarged and captivated by the astonishing 
scenes, and agreeable reflections, which these en- 
quiries continually present to our view. That 
part of nature, which is the immediate object of 
the senses is very imperfect, and but of small ex- 
tent; but by the assistance of art, and the help of 
our reason, it is enlarged till it loses itself in an 
infinity on either hand. The immensity of things 
on one side, and their minuteness on the other, 
carry them equally out of our reach, and conceal 
from us the greater and more noble part of physi- 
cal operations. As magnitude of every sort, ab* 
stractedly considered, is capable of being increased 
to infinity, and is also divisible without end ; do 
we find that, in nature, the limits of the greatest 
and least dimensions of things are placed at an 
immense distance frotn each other. We can per- 
ceive no bounds to the vast expanse in which na* 
tural causes operate, and are no less at a loss when 
we endeavour to trace things to their elements, and 
to discover the limits which conclude the subdivi- 
sions of matter. 

The objects which we commonly call great 
vanish, when we contemplate the vast body of the 
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earth ; the terraqueous globe itself is soon lost in 
the solar system ; in some parts it is seen only as a 
(Ustant star ; and in others it is unknown, or visible 
only at certain times, by vigilant observers, assist* 
edy perhaps, by instruments like our telescopes. 
The sun himself dwindles into a star; Saturn's 
vast orbit, and the orbits of all the comets, crowd 
into a point, when viewed from numberless places 
between the earth and the nearest fixed stars : 
other suns give light to illuminate other systems^ 
where our sun's rays are unperceived ; but these 
also are swallowed up in the immeasurable ex-* 
pause. Even all the systems of the stars, which 
sparkle in the clearest sky, must possess but a 
small part of that space over which such systems 
are dispersed ; since more stars are discovered in 
one constellation, by the telescope, than the naked 
eye perceives in the whole heavens. 

And after we have risen thus high, and left all 
definite measures so far behind us, we find our- 
selves no nearer to a term or limit ; for all this is 
nothing to what may be displayed in the infinite 
expanse, beyond the remotest stars that have ever 
been discovered. 

In like manner, if we descend in the scale of 
nature, towards the other limit, we find a like gra^ 
dation from minute objects to others inconceivably 
snore subtile ; and are led as far below sensi'* 
ble measures, as we were before carried above 
them, by similar steps, which soon become lost 
in equal obscurity. From itiicroscopic observa- 
tions that discover aoimalsi thousands of which 
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would scarcely form a particle dtscepniiile to the 
naked eye; from the propagation', notirfshment 
and growth of those animals ; from^ the sirbtilty 6( 
the effluvia of bodies, which retain tbek particular 
properties after the utmost degree of rarefaction ; 
from many astonishing experiments of the ehe^* 
tnists ; and especially from the inconceivable mi-* 
nuteness of the particles of light, which fitid a 
passage through the pores of transparent bodies 
in all directions, it appears, that the sub-divi-^ 
fiions of the parts of bodies descend by a numliret 
of steps or gradations that surpasses all: imagtna* 
tion, and that nature is inexhaustilyle on every side, 
the two extremes of great and small being equaMy 
removed from our comprel'i^nsion. 

Nor is it in the magnitude of bodies only that 
this aidless gradation is to be observed. Of mo^. 
tionS) some are performed in moments of time, 
and others are finished in very long periods; some 
are too slow, and others too swift to be perceived 
by u*. So that wherever we turn ourselves, we 
are tost in an endless labyrinth; and find fVesh 
reasons, at every step, to adore and venerate that 
Being, whose works are so various and bard to be 
comprehended. 

But it is now time to teave these pleasing digres- 
fiiens, and to give you some account of the diffb* 
rent opinions of philosophers, concerning the situa* 
flM^ o# the heavenly tn^dies, or the place which 
tbey possess in the universe; in w^hick enquiry 
ytiu will not be surptized* to find, that they are no 
tesd varioM tod eeo^dittory, than tliose relating 
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to the figure and motion of the earth, as mentioned 
in a former letter. For mankind must have made 
considerable advances in astronomy, before they 
could so far disengage themselves from the preju- 
dices of sense and popular opinion, as to believe 
in a doctrine so sublime and remote from vulgar 
apprehension, as that which Jthe moderns haye.now 
firmly established. 

. The beginnings of sciences, as well as of other 
things, are uncertain and obscured with fables; we 
collect,. however, from several testimonies, that the 
true doctrine of the planetary motions was known 
in the world from the most early ages, and taught 
by some of the greatest and wisest men of anti- 
quity. That admirable philosopher Pythagoras, 
who flourished near five hundred years before 
Christ, was undoubtedly acquainted with this doc- 
trine. But, firom the accounts of his disciples and 
folio wiers, it is evident, that.it was not the result of 
his own observations : but that he had received 
hints of it from some more Enlightened nations, 
who had made greater advances in the science. 

It is most probable, indeed, that the doctrine 
was transplanted by him from the east, in which 
part of the world he spent two and twenty years, 
and scrupled not to connply with all the customs 
peculiar to the eastern nations, in order to obtain 
free access to their priests and magi, to whom al- 
most all knovvledge of arts and sciences was then 
confined. And as he was a man of 'extraordinary 
qualities, and had an. insatiable thirst for know- 
ledge, 1^0 be se^ms to haye bie^A the .qiost ^ucc^^fi-* 
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ful. of any of the ancients in making himself ac- . 
quainted with their philosophy. 

We accordingly find, that many of his followers 
had just notions of the planetary system ; and not 
only taught that the earth moved daily on its own 
axis, and revolved annually round the sun, but 
gave such an account of the comets as is agreeable 
to. modern discoveries. They also taught that 
every star was a world, having each of them some- 
thing corresponding to our earth, such as air and 
water ; and that the moon, in particular, was in* 
habited by larger and more beautiful animals than 
those of our globe. This system, however, was so 
extremely opposite to the prejudices of sense and 
opinion, that it never made any great progress in 
the ancient world. The philosophers of antiquity, 
despairing of being able to overcome ignorance by 
reason, set themselves to adapt the one to the Other, 
and. to form. a reconciliation between them. 

The most celebrated of those who undertook to 

4 

establish an hypothesis of this kind, and to defend 
It with a show of reason and argument, was 
Ptolemy, an Egyptian philosopher, who lived in 
the time of the emperor Adrian, about an hundred 
.^nd thirty years after Christ. . He supposed with 
the vulgar, who measure every thing by their own 
conceptions, that the. earth was fixed immoveably 
in the centre of the universe ; and that the Moon, 
Mercury, Venus, the Sun, Mars, Jupiter, and 
Saturn, revolve round it in the order they; are men- 
tioned. Above these was the firmament of the 
^xed stars, the crystalline orbs, the piimum mobUe, 
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and last of all, the corIuhi empyriuoi^ or heaven of 
heavens. All these vast orbs were imagined to 
move round the earth once in twenty-fonr hours, 
and also in certain stated or periodical times, 
agreeable to their annual changes and appearances* 
Every star was supposed to be fixed in a solid 
transparent sphere, Uke crystal ; and to accouiot 
for their different motions, he was obliged to eon-^ 
ceive a number of drcles called eccentrics and 
epicycles, which crossed and intersected each othet 
in various directions. And if any new motion was 
Ascovered, a new heaven of crystal was formed to 
account for it. So that, as Fontenelle observes^ 
heavens of crystal cost him iMithtng, and he multN 
plied them without end, to answer every purpose. 
This absurd system is referred to by Milton, in 
the Stl) book of bi& Paradise Lost, where^ speaking 
of the dreams €i visionary philosophy's, concem*^ 
ing the natuK and motion of the heavenly bodies^ 
he says, 

'*^ OtW they VbA^ tatty 



^^tmmf 



Conitdbore, he his fiibrie cf the heaTens 
Has left to their disputes, perha^ to move 
His laughter at their quaint opinions wide 
Hereafter^ when they come to model heaven 
And calculate thestars> how they witt wield 
The mighty ftwae, how build, uabuUd, contrive 
To save fi^^i^eara^ees, how gird the sphere 
With centiic and eccentric scribbled o'er> 
Cycle and epicycle, orb in orb." 

The embarrassooent of these drcles appeared so 
grealv that Aiphonsus, kkig of Castile, a considieiH 
able nsathematieiaa of hb tiaie^ did not ii»:raple;td 
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observe that if God bad called hioi to hb eouncil 
when he made the world, he could have directed 
him how to have done it in a better mannerr The 
thought savours too strongly of libertinism,, but 
at the same time sufficiently exposes the confusion 
and absurdity of this hypothesis. 

But independently of these coosiderations, this 
rude system was soon found incapable of standing 
the test of observatidn and experiment ; and, not*- 
withstanding the opposition of blind and zealous 
bigots, it has long been rejected by all mathemati- 
cians and true philosophers. The planets, Mer- 
cury and VenuSy are now well known not to in- 
clude the earth in their orbits; and the comets move 
through the heavens in all manner of directions, 
so that they must inlallibly have met with con- 
tinual obstructions, and would, long ere this, have 
broken all these crystal spheres to pieces, and ren- 
dered them totally unfit for the purposes for which 
they were designed. 

The contradictions and p^plexities attending 
the Ptoleoiaic hypothesis, were indeed so nume- 
rous and evident, that it was impossible they should 
ever be reconciled upon that supposition. But 
notwithstanding this, mankind were not easily in^ 
duced to give op their darling prejudices, and em- 
brace the truth, in whatever form she presented 
herself to them. Many early habits must be cor- 
rected, and vulgar prepossessions eradicated firom 
the mind, before we can be brought to reckon the 
earth as a planet, and to consider this prodi^^kaia 
globe, which, of all things in nature^ appeatrs to he 
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the most fixed arid stable, to be carried round the 
heavens with the rapidity of fifty eight thousand 
miles an hour. 

To humour these prejudices, by keeping the 
earth still fixed in the centre, but at the same time 
to remove some of the most palpable absurdities 
attending that doctrine, was the design of Tycho * 
Brahe, who attempted to establish anew system, 
and to account for the celestial motions by a more 
plausible hypothesis. This noble Dane, who 
flourished in the latter end of the sixteenth cen- 
tury, had furnished himself with an excellent col- 
lection of mathematical instruments, and, by that 
means, had made himself too well acquainted with 
the motions of the heavenly bodies, to imagine 
their centre to be any where else than in the sun. 
He was struck with the beauty, simplicity and har- 
mony of the Pythagorean system, which Copernicus 
had lately revived ; but out of respect for some 
passages of Scripture, which seemed to contradict 
this doctrine, he set himself about to reconcile his 
learning with his faith; and, in order that the 
earth might remain quiescent, he supposed the sun, 
with all the planets, to be carried about it in the 
space of a year; whilst these, by their proper 
motions, revolved round the sun in their several 
periods. 

In this new system of Tycho's, there is some in- 
genuity, though but little conformity to truth and 
observation. For having rejected the diurnal ro- 
tation of the earth on its axis, he was obliged to 
retain the most absurd part of the Ptolemaic hypo* 
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thesis, by supposing that the whole universe, to 
its farthest visible limits, was carried by the pri- 
mum mobile about the axis of the earth continually 
every day. But in this, however, he was abandon- 
ed by sonie of his followers, who chose rather to 
save this immense labour to the spheres, by as- 
cribing a dixirnal motion to the earth ; on which 
account they were distinguished by the name of 
Semi-Tychonics. 

But though Tycho was not happy in establish* 
ing a new system, he was yet of great use to astro- 
nomy, by his diligence and exactness in making 
observations for a long series of years. Amongst 
other things, he discovered the refraction of the 
air, and determined the places of a great number 
of the fixed stars, with an accuracy unknown to 
the astronomers of former times. He likewise de- 
monstrated, against the opinion which then pre-' 
vailed, that the comets wene higher than the moon ; 
and from his observations on this, and the rest of 
the planets, the theories of their motions were 
afterwards corrected and improved ; so that for. 
these services he will always be celebrated and 
esteemed by astronomers. 

Arts and sciences, like kingdoms and states, 
have their various changes and revolutions ; at some 
periods shining with uncommon lustre, and at 
others involved in ignorance and barbarity. Astro- 
nomy, having flourished for a considerable tim& 
under the auspices of Pythagoras and bis followers,* 
was again neglected and obscured for many ages, 
so that the true system of the world seems to have ^ 
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been entirely forgotten* Instead of consulting tbe 
heavens, and collecting the history of nature, suc- 
ceeding philosophers were ambitious of gratifying 
their own vanity, by inventing whimsical hypo- 
theses, which had no conformity to fact and ex- 
perinEient Solid orbs and epicycles were multi- 
plied to answer every appearance, till the universe 
had lost all hs native beauty in their descriptionSi 
and seemed again reduced to a chaos by their un- 
happy labours. 

It wM about the middle of the sixteenth oentui^ 
that Cop^nicus, a bold and original genius, adopt- 
ed the Pythagorean, or true system of the universe, 
aaid published it to tbe world with new and demon* 
strative arguments ia its favour* (PI. i.) Seized 
w^ith a dartng ^fsthiisiasm, he laid bis hands^ oo the 
oydesand crystal orbs of Ptolemy, and dashed 
them lo|jiece5^ And, with the same noble piniensy, 
be took tiae unwieldy earih,«nd sent her far from the 
centre of the system, to move roiuati the sun with' 
the rest of the planets ; so that of all the cdestml 
equipage, with wfakh she had been formerly digni- 
fied, there only remained the mfoon to attend and 
accompany her in her journey, 

Europe, iiowever, was still immersed in barbar- 
ism and igiKirajace ; and the general ideas of the 
world were not able to keep pace with those of a 
refined philosophy. This occasioned Copernicus 
to have few abhors, but many opponents. Threat*- 
ened 'by the persecution of i^Ugious bigots on tbe 
0B« side,>»nd with an obstinate^and vblentc^osi^ 
libose iM^bo called themselves phiioso{d2kers, 
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on the other, it was not without the greatest fiOlici- 
tttions, that he could be prevailed upon to give up 
his papers to his friends, with permission to make 
them public. But, from continual importunities 
of this kind^ he at length complied ; and his book 
X)e Revolutianibus Orbium aekstium^ after being 
suppressed for more than thirty-six years, was at 
length published, and a copy of it brought to him a 
few hours before his death. 

In this treatise he restored the asicient Pytha- 
gorean system, and deduced the appearances of 
the celestial motions from it in the most convincing 
and satisfactory manner. Every age since has pro* 
duced new arguments \f\ its favour; and notwith- 
standing the opposition it met with from the |»rejii« 
dices of sense against the earth's motion, the au«> 
thority of Aristotle in the schools, the threats of 
ignorant enthusiasts, and the terrors of the inquisi* 
tion, it has gradually prevailed ev^ since, and is 
now universaUy received by all the lecumed tlM'ough* 
out Europe. 

Towards the end of the same century also, and 
about the beginning of tlie next, those great men 
Galileo and Kepler particularly distinguished 
themselves in the defence of this doctrine ; and by 
means of the telescope, which was the invention of 
that time, made many new and surprising dis*. 
coveries in the heavens. By applying this instru- 
ment to the planets, Galileo first observed, that 
the phases of Venus were like the monthly phases 
of the moon ; and thence inferred that she revolved 
round the sun as a centre. He also proved the 
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revolution of the sun on its axis, from the motion 
of his spots ; and by that means rendered the 
diurnal rotation of the earth more credible. The 
four satellites which attend Jupiter, in his revolu- 
tion about the sun, represented, likewise, in minia- 
ture, a just image of the great solar system, and 
rendered it more easy to conceive how the moon 
might attend the earth, as a satellite, in her an- 
nual revolution. In short, by his discovering hills 
and cavities in the moon, and spots in the sun, he 
proved, clearly, that there was not sp great a dif- 
ference between celestial and sublunary bodies as 
philosophers had vainly imagined. 

From these discoveries, astronomy began to 
assume a new form, and most of the celestial pha^- 
nomena were soon accounted for, according to 
their real or physical causes. Des Cartes, Gassen* 
dus, Cassini, and Newton, employed themselves, 
with the utmost diligence, in improving and per- 
fecting this science : and the last of these great 
men, in particular, has established the Copernican 
system upon such an everlasting basis, of mathe- 
matical demonstration, as can never be shaken, 
but must last as long as the present frame of na* 
ture continues in existence. 
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LETTER V. 

or THE SYSTEM OF DBS CARTES. 

The active mind of man is naturally fond of in" 
vestigation; and from contemplating effects, we 
are insensibly led to enquire into the causes which 
produced them. After having discovered the vast 
extent of the creation, and the order, regularity, 
and harmony of the celestial motions, our next re- 
flections will be, how such a frame began at first 
to exist, and by what force those prodigious bodies 
are constantly driven round the sun, and retained 
in their orbits. 

But to prosecute these researches with proper 
advantage, requires a free and unbiassed mind, in- 
vigorated with all the powers of genius and judg- 
ment. From the workmanship to trace the Work- 
man ; and from viewing the grand machine of the 
universe, to discover the hidden springs of its mo- 
tion, and the secret laws of its mechanism and con- 
trivauce, is, of all pursuits, the most sublime and 
interesting, and, perhaps, the highest pitch of know* 
ledge which the human faculties are capable of at- 
taining. , 

It must not, therefore, be considered as a matter 
of surprise, that, in the more early ages of the 
world, when science was yet in its infancy, and the 
mind of man enslaved and debased by ignorance 
and a barbarous superstition, a knowledge so ex- 
alted and refined should be but imperfectly under* 
stood, and but little cultivated. 
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The priests and magi of the east, who are sup- 
posed to have been the first tneLsters of the sciences, . 
involved all their notions in senigmatical and alle- 
gorical representations ; so that what was plain and 
siih(^l^, Was ferider^d mysterious and dbubtful; 
&hd tiitt&kind, instead of b^ing made acquekihted 
With nMiilre, and the mtonerin which she Cdn^ 
dutts h^r operations, were amused only with ab« 
surd fiEtblds and chimeridal conceits, which were 
sd At from ahswisring the purposes of instruction, 
that they served only to impede and retard it. To 
sckUe of their most favoured disciples and fol- 
lowers thiey unveiled their mysteries, but the people 
in general were kept in darkness and the grossest 
ighotiihce. 

From Egypt and Phoenicia philosophy tttivelled 
into Oreece, and was there more generally culti- 
vated and diffused ; but iii a manner ec|Ually un- 
favourable to instruction and imt)rovemetat. The 
{Philosophers of those times, disputatious and ob- 
stinate, were more fond of victory than truth ; and 
whilst they contended only to show their ablities, 
and tb display a vaiil ostentation of leammg, men 
were diverted from pursuing real knowledge, And 
a talkative philosophy was instituted, which was 
principally upheld by logical quibbles and sophis- 
tical subtilties, that had no relation to fact or ex- 
jperiment, the only sure foundations Upon which 
atay system of physics can possibly be supportfed. 

Instead of searching into nature, ilien retired to 
contemplate their own notions ; atid, instead of 
tracing her operations, gave their imaginations full 
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play ; where they ought to haye hesitated they 
decided ; and Ti^here there was no diffiulty they 
doubted. What was simple they divided, and de- 
fined what was plain ; but in what was more in- 
tricate, the subterfuges of art were set up in oppo- 
sition to nature, and captious science against con^-^ 
mon reason. 

A considerable party of old, adopted that moQ-^ 
strous system, which, excluding the influence of a 
Deity, attempted to explain the forniatioa of the 
universe from the fortuitous concourse of atoms ; 
and derived the ineffable beauty of things, and eveii 
life and thought itself, from a lucky hit in the blind 
uproar. One sect retained the passive and slug- 
gish matter only, whilst others^ more refined, ad-' 
mitted active as well as passive principles^ life as 
well as thought, and taught that every thing was 
governed by a supreme Mind. Some maintained, 
that there was no stability of essence or knowledge 
any where to be found, but that man was the mea-^ 
sure of truth to himself in all things, and that every 
opinion or fancy of every man was true. Whilst 
others, again, ran into the opposite extreme, and 
were so sceptical as tp doubt even whether they 
doubted or not. 

But to leave these> and a thousand other crude 
notions, which deserve no remembrance, we will 
now proceed to consider the more plausible hypo-* 
thesis of a philosopher of modern times, who has 
attempted to explain* the phsenomena of nature by 
principles less exceptionable than those of the an- 
cients ; and has acquired such a reputation amongst 

F 2 
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his followers, as makes it necessary to examine his 
doctrine with more particular attention. 

Renes des Cartes, a French philosophcir, who 
was born in the year 1596, was the author of this 
new system, which has been so highly extolled, 
and considered by many, as the most extensive, 
and exquisite in its contrivance, of any that had 
yet been imagined. Endowed with a bold and ele- 
vated genius, he scorned to subject himself to the 
servile drudgery of observation and experiment, 
but attempted to unveil all the mysteries of nature 
at once ; and thought it beneath him to offer any 
thing to the world, less than a complete and finished 
system. 

In order to attain this grand purpose, he begins 
his Principia, by endeavouring to establish a clear 
and perfect idea of the existence and attributes of 
the Supreme Being ; which he makes to depend 
upon our inward conviction that such a being 
actually is ; and from this absolute and certain 
knowledge of the Deity, he attempts to deduce an 
explication of his works, that by this means we may 
acquire the most perfect kind of science, which is 
that of deducing effects from their causes. ^ 

From the veracity of the Supreme Being, he infers 
the reality of material objects, which are represented 
to us, as existing without us ; and, by placing the 
essence of matter in extension, he concludes, that 
there can be no such thing as a vacuum, or space 
void of body or material substances ; but that all 
nature is absolutely replenished, and that there 
must be an universal plenum. 
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All self-evident propositions and axioms, are 
made, by him, to depend upon the mere will and 
arbitrary choice of the Deity; and, after ex- 
plaining the formation of matter, and its division 
into different elements, he next proceeds to show 
how the universe might haye assumed its present 
form, and may be for ever preserved by mechani- 
cal principles. 

To account for the motions of the celestial 
bodies, the sun is supposed to be placed in the 
centre of a vast whirlpool of subtle matter, which 
extends to the utmost limits of the system ; and 
the planets, being plunged into such parts of this 
vortex, as are equal in density with themselves, are 
continually draped along with it, and carried 
round their several orbits by its constant circula- 
tion. Those planets which have satellites, are like- 
wise the centres of other smaller whirlpools which 
swim in the great one ; and the bodies that are 
placed in them, are driven round their primaries 
in the same manner as those primaries are driven 
round the sun. 

Now as the sun turns upon his axis the sieime 
way that the planets move round him, and the 
planets also turn round theiir axes the same way 
as their satellites move round them ; it was imagin- 
ed, that if the whole planetary region was filled 
with a fluid matter, like that before- mentioned, the 
sun and planets, by a constant and rapid rotation 
on their axes, would communicate a circular mo- 
tion to every part of this medium, and by that 
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means drag almig the bodies that swim in it, and 
give them the same circa m volution. 

This, in few words, is the celebrated system of 
vortices, and the world of Des Cartes. The fabric, 
it must be confessed, is raised with great art and 
ingenuity, and is evidently the produce of a lively 
fancy and a fertile imagination. But then, it can 
be considered only as a philosophical romance, 
which amuses without instructing us, and serves 
principally to show that the most shining abilities 
ara frequently misemployed ; and will always be 
found inadequate to the arduous task of forming 
a complete system of nature, which is not to be 
expected even from the labour of ages* 

The method which he has taken to establish the 
existence and attributes of the Deity, merely from 
any abstract notions which we can form of such a 
being, independently of his works, is also very im- 
proper and unsatisfactory. And the making of 
faruth and fietbhood, right and wrong, to be depen- 
dent on his will only, tends to weaken all science 
and confound its principles. 

Whilst he supposes extension to constitute the 
essence of matter, be neglects solidity, and the in- 
ertia by which it resists any change in its stale of 
motion or rest, which principally dtsUngnishes 
body from space ; and, for that reason, the doctrine 
of an universal plenum, deduoed frona this (kfini- 
tion, is founded upon fia.be principles. 

That there is duch a tbiog as a vacuum in na- 
ture>, or a sfiace vcai of body, may be demcmslraited 
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from a variety of experimentSv By mieans of the 
air-pump, we can so far exhaust the air from ^ 
glass-receiver, that a piece of gpl4 and a feather, 
being let fall together, from the tpp Qf the vesjsel, 
shall both descend equally swift, and come to the 
bottom at the same time : wbjiph evidently shoiysy 
that the air beipg taken leeway, there remciins np 
other matter sufficient to caus^ ^ny sensible re- 
sistfl^n^:^, or th^t in the lei^st lo^pedes lor obstructs 
their passage* 

Upon the suppoi&ition, indisiBd» of an universal 
plenitude, ^11 motion wpulfl t>p iip^ppssible. Fpr 
wh^tevier be the nature of thi^ m^terifi §|]bt})jsy 
whether densie or rare^ the whple ttm^t bie absp** 
lately i^imovable and impepetrab)e ; ^pid fof a- 
body to pass through such a medium, wpii^ld bp 
mor^ diffi^lt than for it tp pass through f^ ^ea of 
quicksilver, or s^ rock of ad^mapt. 

It wa^ said, by m^y of tbie ancient philp$ophief*s, 
that n9.tur^ abhors a vacyqm ; and by Vfi^f^ pf 
this ^surd dpgma, ^nd mmy Pth/er? of ti^p like 
nat^rf , they attempted tp prove and illustT^ Jtbe 
.dpctii9e of m nniversai pleRup^ \}^e th^ pf Pes 
Cs^tes. But this i^ » bare %sserjdon, unsjup|)pr]l^^ 
by ^QtPi wd is too idle ^. nptipp to requ^r,e ^ny 
formal refutation. And in neaf ly the saipe predi- 
cament? ^e most of the other arguijaents that b^ve 
been us^d in defence of fhi^ (dp^trif^. They ^e 
all sufficiently pxppse4^ not .only by th^ Jorrecpl- 
lian experiment) and the nature of pumpi^ in gejoe- 
ral, but likew^e from t^^ mo^jt pji^vipns :ph|paQ* 
mena of the cpinstant and free mpltipn of bpd^i^s; ss 
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well those that are in the heavens, as those that are 
near the earth's surface, which come continually 
under our inspection. 

The objections which may be brought against 
his vortices, or whirlpools, are also equally strong 
and irrefragable ; and show clearly enough, the 
contradictions and absurdities which attend this 
hypothesis. For if these imaginary vortices car- 
ried the planets from west to east, by means of 
their particular circulations, the comets, which 
traverse those spaces in various directions, from 
east to west, and from north to south, could never 
move according to any determinate law, as they 
would be constantly impeded and turned out of 
their course by so many contrary and opposite 
motions. 

Besides which^ if it should be allowed, that the 
comets liad never actually passed from east to west, 
and from north to south, yet nothing would be 
gained by this concession. For it is well known, 
that whilst a comet is passing through the neigh- 
bourhood of Mars, Jupiter, or Saturn, it moves 
considerably swifter than either of those planets ; 
and therefore cannot be carried round by the same 
bed of fluid matter, which is supposed to carry 
round these planets. 

It has likewise been demonstrated by Newton, 
and others, that let the nature of these vortices be 
what it may, yet the circulations of the planets, in , 
such a fluid, would never agree with the known 
laws of their motion, established by all the later 
astronomers, from repeated observations. But, 
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admitting for a moment that this system of whirl- 
pools was compatible with the phenomena of na- 
ture, and the laws of mechanics, yet their cause 
would be but little better ; for no such whirlpools 
have ever yet been shown to exist It is not suf- 
ficient that an hypothesis accounts for the pheno- 
mena ; but it must be shown that it is founded in 
fact, and sanctioned both by reason and experi- 
ence. 

To sum up the whole, it is 6asy to perceive 
what must happen to several fluids circulating in 
contrary directions, and in opposition to each 
other. They would necessarily be confounded to- 
gether ; and instead of maintaining an order and 
harmony in nature, would form a chaos, and in- 
troduce eternal anarchy and confusion. This albuje 
would at once have exposed the Cartesian systeni 
to the utmost ridicule, if a love of novelty, and an 
habitual disuse of free and impartial enquiry, had 
not universally prevailed in the world, and made 
way for. its introduction. 

This doctrine has been often altered, and 
mended, since it was first proposed by its author ; 
and, for near a hundred years after, many ingeni- 
ous men were making their utmost efforts to patch 
it up and support its credit. But the foundation 
is too faulty; and the whole superstructure so 
erroneous, that it were much better to abandon 
the fabric, and suffer the ruins to remain a memo- 
rial to posterity, of the folly of philosophical pride 
and presumption. 

It was upon the principles of the Cartesian phi- 
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losopby, that Spiooza founded bis system of atbe- 
isoiy and thence attempted to defend all the absur* 
dities which naturally attend such a doctrine. And 
though many of the fpUowers of Des Cartes have 
endeavoured to show that his system is not favours- 
able to such notions, yet it must be owned that 
they have but ill succeeded. For if a void be im- 
possible, and matter be infinite, it will evidently 
follow that matter must be necessary. But if 
matter be necessary, it must exist of itself, by an 
absolute necessity inherent in its nature, aod ante- 
cedent to all things.' Matter would therefore be 
God, and he who maintains these principles, ought, 
if he reasons consequently, to admit of no other 
conclusion. 

Leibnitz, the great and illustrious opponent of 
Newton and Clarke, draws, it is true, very dif- 
ferent conclusions from this doctrine. From' 
representing the universe as a machine that m ould 
proceed for ever, by the laws of mechanism, in tb(6 
most regular manner, and by an ab^olutte and in- 
violable necessity, he concludes it to be a pierfect 
Wiork, or ithe best that oould possibly hai^ b^smi 
made; and contends, that tte ic^mtrary opinipn is 
derogatory to the wisdom and pow#r i^the Siiprenoe 

BeJjQig. 

The origin of evij, which fcas perplexed and em- 
barrassed the philoeoptiers ^ all agea, be «al» a*- 
«(erts4ol)e perfecily reconcileahleAip0ii this,sy»tei». 
Like Piato md Chrysippus of oldj bfi flpaintaias 
that it never could have been tb<B flwn, or first io- 
tention of the Author of N*t«re, and parent of all 
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good, to make men obnoxious to diseases, and 
other evils ; yet, whilst he was producing many 
excellent things, and forming his work in the best 
manner possible, other things also arose, connect- 
ed with them, which were incommodious, and not 
made for their own ^ke^ but permitted as neces- 
sary consequences of what was best. 

The perfection of the universe was, indeed, this 
learned author's darling theme. But after all that 
he has said upon the subject, though it may per-^ 
haps perplex' his readers, yet it can never satisfy 
them. For is it not much more desirable that the 
Author of the world should be constantly acting in 
it, and cherishing it by his presence, than that, after 
having finished his work, he should totally abandon 
it, and think it no further worthy of his notice or 
inspection ? 

It was fit that there should be, in general, a re- 
gularity and constancy in the course of nature, not 
only on account of its greater beauty, but also for 
the sake of intelligent agents, who, without this, 
could have had no foresight, or occasion for choice 
and wisdom in judging of things by their conse- 
quences; and, therefore, no proper exercise for their 
reasonable faculties. 

But though the course of nature was to be re- 
gular, it was not necessary that it should be go- 
verned by those principles which arise from the 
various motions and modifications of inactive mat- 
ter, or by mere mechanical laws only ; since it 
would then have been incomparably inferior to 
what it now is, both in beauty and perfection, and 
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consequently far less worthy of its ineffable Con- 
triver, 

' *' Whode mighty hand, 

For ever busy^ wheels the silent spheres } 
Worka in the secret deep ; shoots, streaming thence, 
The &ir profusion that o'erspreads the spring ; 
Flings from the sun direct the flaming day -, 
Feeds every creature ; hurls the tempest forth ; 
And> fis on earth this grateful change revolves. 
With transport touches all the springs of life* 

Thomson. 
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LETTER VI. 

OF THE DISCOVERIES OF KEPLER AND GALILEO. 

Distinguished above other creatures, by the 
faculty of reason, and the superiority of his nature, 
man is still the slave of prejudice and opinion, 
prone to error, and subject to continual delusion. 
Truth and science advance by slow degfees ; one 
ag6 destroys the labours of another, whilst conjec- 
ture and hypothesis supply the place of argument 
and demonstration. Nature performs her opera* 
tions constantly before our eyes, and has furni&hed 
us with the means of tracing their causes and con* 
nections ; but the mind, debased by indolence, or 
be^wildered by superstition; regards these astonish- 
ing scenes with ifidifference, and considers all at- 
tempts to investigate their causes, as the effects of 
a presumptuous and daring impiety. 

From the time of Pythagoras to the sixtisenth 
century, when the true system of the world was 
agwn revived by Copernicus, the vulgar opinion 
of the motion of the heavens, and the immobility 
of the earth, was generally received ; and time, 
instj^ad of discovering its fallacy, served only to 
strengthen and confirm it. To the authority of 
men of acknowledged reputation for their learning 
and talents, the example of ages, was added ; and 
thus error was transmitted from one generation to 
another, with additional prevalence. Plato and 
Aristotle were referred to as the arbiters of every 
dispute, from whose autl:\wi|y there was no appeal j 
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and when reason and argument failed, the aid of 
religion was called in to their Support. 

To dissent from the opinions of Aristotle, or 
those which his ignorant interpreters had given him, 
was looked upon as a heresy that called for the 
loudest anathemas of the church. And so vene* 
raWe and sacred werfe those doctrines held, that 
whoever presumed to controvert them, was consi- 
dered as* an impious innovator, that attempted to 
remove the land-marks both of faith and reason/ 
To his opinions, in all religious controversies, both 
parties appealed ; from these the Papist support- 
ed all his absurdities, and the Protestant drew ar- 
guments for their refutation. 

Error being thus established by time, supersti- 
tion and prejudice, the face of nature was covered 
with a v^il of awful obscurity, and the progrei^s of 
useful knowledge eflfectually prevented. Th^ highest 
ambition of some of the most endinent men of the 
age, was to prove the truth of that by sophistical 
arguments, which reason and science affirmed to 
be false. But such fantastical opinions could not 
always prevail ; time will constancy be found to 
produce some lovers^ of truth, who will penetrate 
through clouds of errc^ to attaitt it. After a long 
night of the most profound darkness, Copernicus 
again revived the true system of Pythagoras and 
his followers, and showed it to be the only one which 
is agreeable to reason and observation. 

But the greatest champion of useful learning timt 
had hitherto appeared in the world, was^Sir Francb 
Bacon, Lord Verulam, ^o by his superior know- 
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ledge add eiiiiitient abilities, overthrew the establish^ 
meht of ignorance and error, and convinced the 
infatuated world, that opinions supported by the 
'authority of Aristotle and antiquity, were not in- 
fallible. By clear incontrovertible arguments, 
supported by reason and science, he refuted thtnir 
errors, and showed that the only method of obtain-* 
ing a true knowledge in philosophy was by obser-* 
vation arid mechanical experiments. ' 

It was now that men began to discern truth from 
falsehood, and, disregarding hypothesis and conjec- 
ture, to investigate the works of nature from their 
efiects and appearances. Matter and motion were 
observed to constitute the principal pheenomena of 
the visible world $ and as the properties and aifec- 
tions of these are the subject of mechanics^ that 
science grew into esteem, and was ai^isiduously cuU 
tivated by the most eminent mathematicians in 
£urope. 

By applying mathematical reasoning to mecha- 
nical experiments. Sir Isaac Newton established 
the truth of the ancient Pythagorean system ; and 
upon this foundation raised the superstructure of 
that philosophy, which, whilst all other systems 
sink into ruins, and little more than their inventors 
frames are remembered, will remain for ever firm 
and unshaken : for being once demonstrated to be 
true, it must eternally remain so, as nothing can 
alter it but the utter subversion of the laws of na- 
ture, and the constitution jof things. 

The method of admitting nothing into philoso- 
phy, unconfirmed by experimefat or demonstration^ 
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required too great a perseverance for the flighty 
imagination of those, who, contenting themselves 
with the semblance of truth, expatiated in the wilds 
of fiction. For a work of this kind, the genius and 
industry of a Newton was alone, sufficient^ who 
chose rather to acquire a little true knowledge of 
nature from practical investigation, than to aim at 
a general comprehension of all her operations, upon 
the weak foundation of probability and conjecture. 

But in order tlmt the genius of this extraordi- 
nary man may appear in its true light, it will be 
necessary to give you some account of the labours 
of those, who, since the time of Copernicus, had 
been preparing the way, and laying the foundation 
for his discoveries and pursuits s which informa- 
tion is the more necessary, as many persons, who 
have but a slight acquaintance with the progress 
of astronomical learning, are apt to entertain very 
erroneous opinions upon the subject. As the la- 
bours of many are attributed to one Hercules, so, 
by a like exaggeration. Sir Isaac Newton is said to 
be the author of all the discoveries and improve- 
ments which have ever been made in this science. 
But as his merit is too great to stand in need of 
such extravagant additions, it will be proper to 
divest him of this false glory, by ascribing to him 
that only to which he has an undoubted claim. 

The first founder of modern astronomy was 
Kepler ; and if it be the privilege of genius to 
change received ideas, and to announce truths 
which had never before been discovered, he may 
jusUy be considered as one of the greatest men 
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that bad yet appeared in the world. HipparcHus, 
Ptolemy, Tycho Brahe, and even Copernicus him- 
self, were indebted for a great part of their know- 
ledge to the Egyptians, Chaldeans, and Indians^ 
who were their masters in this science : but Kepler, 
by his own talents and industry, has made dis- 
coveries, of which no traces are to be found in all 
the annals of antiquity. 

This philosopher was born at Wiel, in the pro- 
vince of Wirtemberg in Germany, on the 27th of 
December, 1571> and was one of the most zealous 
partizans of the Copernican system that had hi- 
therto appeared. In 1596 he published a large 
work upon the proportions and dimensions of the 
orbits of the planets, which coming into the hands 
of Tycho Brahe, he advised him to apply himself 
to observation, before he attempted to discover the 
laws of nature ; and assured him, if he would do 
this, he would find more truth in his hypothesis 
than in that of Copernicus. He perceived the 
genius of Kepler, and wished for nothing more 
earnestly than to have him for his disciple. 

I shall not enter into a detail of the reasons which 
are given by Kepler for arranging the planets ac- 
cording to the order of the five regular bodies, nor 
of the mysterious harmony which he finds between 
celestial and sublunary things. He was a man of 
a warm imagination, which led him into many ab- 
surdities ; and it was the folly of that age, to mix 
sacred things with those which have no connection 
with them. He tells us in his Mysterium Cosmo* 
graphicum, that he looked upon three grand things 



?Sf Oy THE DISC0VEIHE5 Of [lET. VI, . 

asf deserving his particular attention; thp firma* 
ment of the fixed stars, the sqq, and the enormouit 
interval which si^parates them ; these appeared to 
him to be a symbolical representation of the Trinity; 
and the spherical figure of the universe, which 
comprehends the whole, he considered as an ima^ 
of the Supreme Being, whose immensity envelops 
all things. Plato called God the eterngl geomi^^ 
ter ; and Kepler, worthy to be the successor of so 
gi:eat a nc^a^ter, believed that certain properties of 
n,Mmbers and geomietrical figures had a hidden ana- 
logy tOr all the operations qf nature. 

Besides entertaining a number of chimerical ideas 
of this Und, he had al^o a secret attachment to 
astrology ; and in hii^ treatise entitled De Stell4 
Novdy hcus offered a very singiilar defence of thi^ 
f^llacjous doctrine. He asserts, that all the great > 
events ^od revolutions of this world have an intimate 
connection with the conjunctions of the planets, 
and accounts for their influence by comparing it 
with the action of objects upon our senses. "The 
stars," he observes, **act upon terrestrial thing^i 
in the same manner as light acts upon the eje, 
sound upon the ear, or lieat and cold upon the 
§ense of feeliijg.'* From this explication, which 
hqs ¥iothing tp recommend it but its novelty, it i^ 
easy to perceive, upon what fonndatioiji the drean^ 
oiastrolpgers are supported. 

Cut from these absurd reveries, which were 
^no5tly the follies of his youth, he soon pas^sed to 
objects ipore worthy of his attention. His fijc^t 
works, vvere. only the amustements , of his. leisure 
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hours; but in coDtempIating hi$ powers, he found 
himself destined for much greater things. He was 
led, by an invincible impulse, to the study of pbi« 
losophy ; and no operation of nature ever attracted 
his notice, but be was immediately desirous of 
searching into its cause, and attempting its expli- 
cation. His observations upon the nature of re^* 
fraction, parallax, and many other subjects of equal 
importance, are sufficient proofs of his penetration 
and judgment ; and from his uniting the science 
of optics with that of astronomy, we may form an 
estimate of his genius and abilities. 

In tl)e true system of the worid, as restored by 
Copernicus, the astronomer, having no longer a 
stationary situation upon our globe, is obliged to 
transport himself to the centre of the sun, and to 
observe the celestial motions from a point which is 
only accessible by the imagination. It was from 
this point that Kepler contemplated the spectacle 
of the heavens, and saw the fallacy of a doctrine, 
which all the astronomers before his time had con* 
sidered as infallible. The apparent simplicity of 
nature in all her operations, had seduced them to 
imagine, that a circular and uniform motion of the 
heavenly bodies wm a necessary consequence^ of 
this law* But this opinion, liowever reasonable it 
might seem to others, appeared to him as an idle 
conjecture; and from the observations of Tycho, 
and bis own: iadostry, he soon proved it to be erro- 
neous and ill-foonded. 

That the orbits of the planets were not circular, 
sii{^^ indeed, have beea easily conjectured fram 

G 2 
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many circumstances. Their conjunctions, oppo- 
sitions, and other mutual situations, not returning 
again in the same time; and their distances from 
the sun appearing to be greater or less in different 
parts of their orbits, were sufficient indications of 
the fallacy of this doctrine. But so firmly wer€ 
astronomers persuaded that their motions must be 
circular, that they attributed these irregularities to 
certain optical delusions, and invented cycles and 
epicycles without number, to account for every ap- 
pearance. 

Kepler was the first who perceived, that all mo- 
tion is naturally performed in a straight line ; and 
that when a body moves in a circle,' or any other 
regular curve, it must be acted upon by two forces, 
one of which sets it in motion, and another that op- 
poses this motion, and changes its direction. From 
these principles, and a number of calculations 
equally difficult and laborious, he proved, that the 
planets must revolve in elliptical orbits^ the sun 
being placed in one of the foci ; and that their ve- 
locities are such, that a line drawn from the sun to 
a planet, and supposed to move with it;, will dei- 
scribe equal areas in equal times. 

In order to illustrate this by a figure, (PI. iii. 
fig. 1.) let ADBc be an ellipsis, whose transverse or 
longest diameter is ab, and its conjugate or shortest 
diameter cd ; then the two foci f, f, are points so 
situated, that if right lines be drawn froin them to 
any point o in the curve, the sum of those lines 
will always be equal to the transverse diameter ab. 
And if the sun be placed in the focus f, and a 
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planet be supposed to revolve round him in the 
curve BCAD, it will move in such a manner, that.a 
line dr^wn from it to the sun, will describe equal 
areas in equal times. That is, if the line fg, dr^wn 
from the sun f to the planet o, describes the area 
or space bfg in a months it will describe an area 
GFg equally large the next month; and so on 
through its whole revolution. 
. The distance between the centre of the ellipse o, 
and one of its foci f, is called its eccentricity ; and 
the two extreme points a and b of the transverse 
diameter, are called the apsides. If the focus about 
which the equal areas are described, foe at f, the 
point A, nearest that focus, is called the lower 
apsis, the point b the upper apsis, and the diame- 
ter AB the line of the apsides. When a planet, in 
revolving round the sun, is at its nearest distance 
from him, as at a, it is said to be in its perihelion ; 
and when at its furthest distance, or at b, it is said 
to be in its aphelion, the mean distance being fc. 
In like manner, when the earth is in its p^ihelion, 
the sun is said to be in its perigee ; and when the 
earth is in its aphelion, the sun is said to be in its 
apogee. 

But let us leave the further explanation of these 
terms for the present, and return again to Kepler. 
This excellent astronomer, having firmly establish- 
ed the law before-mentioned, proceeded to the con- 
sideration of another, of no less importance. He 
had happily conceived, that there might probably 
be some proportion between the times of theTevo- 
lution of tlie planets, and their distances from the 
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sun ; aqd by prosecuting the enquiry, which this 
idea, suggested, bis success was equal to bis most 
^angijiine expectations. By calculations founded 
-on a series of the most accurate observations, be 
discovered, that the squares of the tiines in wbieb 
any two planets complete their revolutions in their 
orbits, are proportional to the cubes of their meap 
distances from the sun. 

To illustrate this rule by an example : Venus^ 
for instance, revolves round the sun in S34 days> 
^d the earth in 365 ; and the mean distance of 
the earth from the sun is ninety-three millions of 
miles. Hence, according to Kepler, as the square 
of 965 is to the square of £94, so is the cube of 
mnety^bree millions of miles, to a fourth npqibef , 
which is the cube of Venus's mean distance from 
the sun ; and if the cube root of this number be 
found, it will give about sixty-eight millioQs of miles 
for her real mean distance ; so that, by this rule, 
if the times of the periodical revcdutions Of the 
planets be known, and the mean distance of any 
one of them from the sun, the mean distances of all 
the rest may be determined by a simple propor* 
tion. Which rule is not only applicable to the 
planets, but is also equdUy true with respect to 
their satellites or attendants ; the moons of Jupiter 
and Saturn being found to follow the same law in 
revolving round then: primaries, which is observed 
by those primaries in revolving round the sui^. (e) 



(e) For a full account of the discoveries of Kepler, the 
vtader is referred to a very ingenious work, lately published 
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These are the discoveries by which Kepler en- 
riched the science, and obtained an immortality of 
renown : but it must be observed, that he who had 
subjected the planetary motions to invariable laws, 
was unable, with all his penetration, to find out 
the reason of them. Nature had shown him some 
of her most secret operations, but a more complete 
knowledge of them was reserved for Newton. 
Among a number of ingenious guesses which he 
has made upon this subject, some are as novel as 
they are singular. He considers the stars and 
planets as the inhabitants of ether, which live and 
move in that element like butterflies in the air ; or 
as plants and anindals which spring from the bosom 
of the earth, to embellish it by their existence, and 
afterwards render back, by death, the fecundity 
that nourished them. 

That such extravagant dreams should be found 
^n the side of such sublime truths, is, as a certain 
.writer observes, a matter not to be wondered at ; a 
man may be a great genius with regard to Calculations 
and etperiments, and yet make a wrong use of his 
reason in other respects. There are minds which 
stand in need of geometry to support them, and 
foil when they endeavour to proceed of themselves. 
It must be remembered, however, to the honour 
erf Kepler^ that his errors were such as usually at'* 
terfd a quick and vigorous conception ; and that 



by Dr. SmaU, on this subject^ where he will find a variety of 
useful information, beyond what is to be met with in any of 
our modern treatises on Astronomy; 
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some of his conjectures were as grand and philoso- 
phical, as others were whimsical and absurd. 

His hypothesis for ascertaining the different den- 
sities of the sun and planets, according to their 
distances from the centre of motion, is an instance 
of his penetration and judgment which deserves to 
be mentioned. He conceived that the heaviest 
bodies in our system, must be those which are 
placed nearest the sun; and as he was always de- 
sirous of rendering his ideas, as familiar as possi- 
ble, he illustrates them, in this instance, by the fol- 
lowing example. The density of Saturn may be copi- 
pared to that of a diamond ; Jupiter to a loadstone ; 
Mars to iron ; the Earth to silver ; Venus to lead ; 
Mercury to quicksilver ; and the Sun to gold, which 
is the heaviest of all substances yet known, except 
platinum. Where it is to be observed, that excepting 
the density of the sun, this rule differs but little 
fi^bm the truth ; and though it was founded upon 
false reasoning, it was nevertheless a happy con- 
jecture. The time was not yet come for philoso- 
phers to weigh the celestial bodies, and to estimate 
with exactness their different densities. 

This great man, whose whole life was so glo- 
riously employed in cultivating and improving the 
sciences, had his last days embittered by all the 
horrors of poverty and distress. A small pension, 
which was scarcely sufficient for his subsistence, 
was frequently withheld or unpaid ; and the trouble 
and vexation this occasioned him was so great, that 
it obscured his genius, and finally put a period to 
his existence. He died on the 15th of November 
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1631, in the fifty-ninth year of his age, leaving no- 
thing for his wife and children, but the glory of his 
name, and the fame which he had so justly ac- 
quired : but as these were insufficient to relieve his 
own wants, they could afford but little comfort to 
a helpless widow and her wretched offspring, whose 
indigence is said to have been such, that they had 
not even the common necessaries of life* 

Whilst Kepler, in Germany, was tracing the or- 
bits of the planets, and settling the laws of their 
motions, Galileo, in Italy, was meditating upon . 
the doctrine of motion in general, and investigat- 
ing its principles. This philosopher was born at 
Pisa, in the year 1564, and began his improve- 
ments in mechanics, by banishing from the science ^ 
those ridiculous distinctions which had been made, 
by Aristotle and his followers, between light and 
heavy bodies, motions natural and violent, rectili- 
near and circular. He showed, both by demon- 
stration and experiment, that, in a space void of 
air, all bodies whatever, fall through equal heights 
in equal times ; and that a body impelled by two 
forces, acting in the direction of the sides of a pa- 
rallelogram, will follow the direction of neither, but 
proceed in the diagonal, and describe it in the same 
time, as by the action of one of the forces alone it 
would have described one of the sides. 

These principles he also found to be equally ap- 

' plicable to the motion of all kinds of projectiles. 

A ball or shell being thrown from the mouth of a 

cannon, is under the influenceof two forces, which, 

by their joint action, regulate its motion, and de- 
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termine its direction : one of these forces is that of 
Ih^ powder, by which it endeavours to move con- 
tinually forward in a straight line ; the other is that 
of its gravity or weight, which inclines it to descend, 
and fall towards the ground ; and from the com* 
position of these two forces, Galileo demonstrated 
that the curve described by the ball would be that 
of a parabola. Tartalia had before remarked, 
without assigning any good reason for his assertion, 
that a ball would be thrown to the greatest dis« 
tance, when the piece made an angle of forty-five 
degrees with the horizon ; this rule was not only 
confirmed by Galileo, but extended still further^ 
by his proving that at all angles equally above and 
below forty-five degrees, the range would be the 
same. 

The next subject, which engaged his attention^ 
was the phenomenon of. falling bodies, and the law 
of tiieir acceleration. Every attentive mind must 
^ve observed that a stone, or any other heavy 
body, in falling from a certain height, acquires a 
greater velocity the nearer it approaches the earth ; 
but before the time of Galileo, no philosopher had 

' been able to ascertain the exact proportion of its 
celerity, in the different instants of its descent. He 
was the first who determined that the velocities in 
this case, are always proportional to the times ; and 
the spaces passed through to the squares of those 
times : that is, in a double time, the body will have 
acquired a double velocity ; in a triple time, a triple 
velocity, &c ; and that, in a double time, the body will 

' have passed through a space four times as great 9S 



9 
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in a single time ; in a triple time, through a space 
nine times as great ; and so on. 

Galileo considered natune as the sole agent of 
the Supreme Being ; and that sagacious observance 
of her operatioDS, which first led him to this useful 
discovery, was the means of conducting him to an* 
other of equal importance. Being with some com- 
pany in a room, where a lamp was suspended from 
the roof of the building, this object, which was un« 
noticed by the rest of the spectators, afforded him 
a subject of the most profound meditation. He 
observed that all the vibrations of the lamp, whe- 
ther great or small, appeared to be performed in 
the same sensible time; and from this circutx)'- 
stance, simple as it may seem, he is said to haye 
discovered the isochronism of the pendulum ; and 
that a long pendulum moves slower than a short 
one, according to a certain invariable proporticm : 
by which means he obtained a new instrument for 
measuring short intervals of time with greater 
exactness than could be done by clocks, or any 
other method then in use. 

About the time of these discoveries, which were 
afterwards so fruitful in the hands of Huygens and 
others, we may place the invention of the teles* 
cope ; an instrument so singular in its nature, that 
before its actual construction, the mind could not 
have conceived such a contrivance, or imagined it 
to be possible. A lucky incident is said to Imve 
effected, what philosophy might have sought for in 
vain: the children of one Zachariah Jansen, a spec- 
tacle*maker of Middleburgh in Holland, being at 
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play in their father's shop, happened, by chance^ 
to place a convex and a concave glass in such a 
manner, that in looking through them at the wea- 
ther-cock of the church, it appeared to be nearer, 
and much larger than usual. The surprise they 
expressed at this circumstance, exciting their fa« 
ther's curiosity, he examined the same object him- 
self, and finding w hat the children said to be true, 
improved the hint, by fixing the glasses upon a 
boardy that they might be always ready for obser- 
vation, 

A discovery attended with so many obvious ad- 
vantages, could not long be kept a secret ; the news 
was soon conveyed to all the learned throughout 
Europe. Galileo was at Venice when he first 
heard of the invention ; and being only informed, 
that by the combination of two glasses, the appa- 
rent magnitude of objects might be considerably 
augmented, he soon discovered the whole secret. 
Instead of the board employed by Jansen, he made 
use of a tube, and, at his first essay, produced an 
instrument which made the diameter of objects ap- 
pear three times greater than to the naked eye. At 
his next trial he magnified the diameter of an ob-^ 
ject about eight times, and soon after this thirty 
times; which is nearly the greatest perfection, that 
this kind of telescope is capable of. 

Thus was Galileo, and, by his means, mankind 
in general, put in possession of two new organs of 
power and perception ; one, for measuring small, 
and almost imperceptible portions of time, with 
ease and exactness ; and the other, for subjectijig 
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those things to our observation, which by their 
smallness or distance would otherwise have escaped 
the senses. M. Moiltucla, who has examined the 
subject with impartiality and judgment, has given 
the invention of the telescope to Jansen ; and, from 
the strength of the evidence, it appears highly pro- 
bable that he was the first who saw the effects that 
such an instrument would produce. But if he be 
the real author of an invention, who, from a know- 
ledge of the cause upon which it depends, deduces 
it from one principle to another, till he arrives at 
the end proposed, the whole merit of the discovery 
IS due to Galileo ; the telescope in the hands of 
Jansen, was a rude instrument of mere curiosity, 
pointed out to l^ini by chance ; but Galileo was the 
first who constructed it upon principles of science, 
and showed the practical uses to which it might be 
applied. 

The discoveries he made, by means of this in- 
strument, were as new as they were surprising. 
The face of the moon appeared full of cavities and 
asperities, resembling vallies and mountains : the 
sun, which had generally been considered as a globe 
of pure fire, was observed to be obscured by a 
variety of dark spots, which appeared upon diffe- 
rent parts of its surface ; a great number of new 
stars were discovered in every part of the heavens ; 
the planet Jupiter was found to be attended with 
four moons, that moved round him in the same 
manner as our moon moves round the earth ; the 
phases of Venus appeared like the monthly phases 
of the moon ; and, in short, every observation he 
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made, fumisbed bim with a new proof ia favour of 
tbe Copernicaa system, and served to show that 
there i& not so great a difference between celestial 
and sublunary nature, as tlie philosophers of anti- 
quity had vainly imagined. 

Galileo was now in the seventieth year of his 
age^ and but for the persecution of those who ought 
to have cherished and re?ered him, his life mi^t 
have been as happy to himself as it was beneficial, 
to mankind. But in the midst of his researches 
and disooveriies, which he prosecuted with the 
greatest assiduity, he was summoned before tbe 
tribunal of the inquisition, as a man of the most 
obnoxious and dangerous principles ; and on tlie 
32d 6f June, 1 663, the following an^et was pro- 
nounced against bim, by seven cardinals, who were 
appointed his judges. And as it is a curious speci* 
men of catholic infallibility ; I shall give it you as 
>t standi in the work from which it was extracted. 

*^ Sotttenir qui le soleil immobile et sans mouve- 
meat local,, occupe le centre du monde ; est une 
proposition abaurde, &usseen philosophie, et here* 
tique, pmsqu'elle est contrail e au temoignage de 
I'^criture. 11 est egaleoient abaurde et faux^en 
plulosopbie de dire que la terre n'est point immo- 
bile au centm du monde ; et cette proposition, con* 
sid^ee di^lo^quement^ est au moins erronnee 
dians la foi." After this, the following abjuration 
was dietal;ed to bim, whkh he was obliged to sign : 
^^ Moi Galil^ k lasoixante-dkieme ann^ de mon 
4ge, conatitu6 persoonellement en justice, etant a 
genoux^ et ayant devani les yeux les saints ^van- 
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giles, qui je toucbe de oies propres maias, d'uQ 
qieur et d'uoe foi sincere, j'abjure, je inaudis et je 
d^teste les absurdit^s, erreura, h^r^&iea» &c/^ 

For a venerable old man^ who had enlightened 
Europe by his discoveries, to be seen upon bis 
knees before an assembly of haughty, ignorant 
' bigots, renouncing, by their compulsion, those 
truths which nature and his own conscience affirmed 
to be incontrovertible^ was a spectacle that cannot 
b^ thought of without indignation and abhorrence^ 
Cardinal Bellarmin, one of his judges, had before 
threatened him with the vengeance of the church, 
if he should presume to progagate his heretical 
opinions any longer, either by discourse or writing s 
and as Qalileo had not paid an implicit obedience 
to this mandate, be was now proceeded against a$ 
a despiser of civil as well as sacred authority, and 
was accordingly sentenced to be confined in the 
prison of the inquisition, during the pleasure of the 
inquisitors. 

This sentence, however, was afterwards changed 
into the milder one of being confined in the small 
village of Acetri in Tuscany during his life. Here 
he pursued his studies with as much avidity as ever, 
and made several new discoveries and improve- 
ments in his favourite science ; but soon after this, 
whilst he was engaged in his observations upon the 
liberation of the moon, he was suddenly deprived 
of his sight, and the heavens being now shut upon 
him, the book of nature was no longer subject to 
his inspection. His age advancing, and his infir- 
mities increasing, the grave at length received him 
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from his persecutors ; he was buried in the t6mb 
of his ancestors; his disciples, who loved him in 
his life, honoured him in death ; and his name was 
transmitted to posterity with the fame he had so 
justly acquired. 

The celebrated geometer Viviani, who had been 
one of his most favourite pupils, showed a zeal for 
the glory of this great mto, that is without an ex^ 
ample ; the most tender and dgtiful child could 
not have a greater affection for his parent than he 
had for his illustrious master. He considered it 
as the pride of his life that he had been one of his 
Ust disciples; and when Louis xivth gave him 
a pension, and appointed him one of the foreign 
associates of the Academy of Sciences at Paris, he 
built a house at Florence, and, after paying a tri- 
bute of gratitude to the French monarch, erected 
a magnificent monument to his beloved master 
Galileo. 
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LETTER VII. 

OF THE NEWTONIAN SYSTEM, ANB DISCOYERIES. 

In all ages of the world, mankind in general have 
been nearly the same : the powers of the mind are 
various ; but there are certain prescribed bounds 
which it is the lot of but few to pass. The multitude 
were certainly designed for manual labour and in- 
dustry, and their minds are, by custom,' made con- 
formable to their employments. Intent upon the 
common concerns and business of life, they have 
but little leisure; and less inclination, for mental 
improvement. This is the wise designation of Pro- 
vidence. The earth must be cultivated to support 
its inhabitants ; a general refinement would be as 
prejudicial as a general barbarity. 

Humanity, however, has higher privileges. Arts 
and sciences, legislation and morals, are absolutely 
necessary to the due regulation and order of civil 
society. And that a knowledge of them may be 
properly distributed, the Author of Nature has, at 
different times, raised up some great and illus^ 
trious genius to enlighten and instruct us. In re- 
ligion, our most momentous concern, he has conr 
descended to give us a divine guide ; and in every 
art and science, we have had preceptors of emi- 
nence proportionate to the importance of the sub- 
ject.— Every thing bears the marks of omniscience : 
wherever we turn our eyes, we perceive a presiding 
intelligence, that informs and regulates the whole. 

To enumerate the most shining characters of the 

H 
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kind here mentioned, and to show the discriminat- 
ing, excellence and irtilky of the several pursuits in 
which they were engaged, would be a matter of 
mucfh difficuhy, «nd foreign to rmr pnrpose. Tlie 
su^ect upon which we are^ «t present, to employ 
our attemtioB, is physical astronomy ; and we are 
now to consider the geouis and doctrines of a man, 
whet, in his philosophical character, i^^^ara to 
hffire been endowed with superior frcuhies, in order 
to dissipate the accumulated mists of ignorance 
and error, and to lead us to a knowledge of those 
truths, which the wisdom of ages had been unable 
to discover. 

The person to whom we owe tbeise obligations, 
is the illustrious Newton, who was bom at Wed- 
strop in Lincolnshire, on Christmas-day 164&. His 
father was the reduced descendant of a noble 
family ; hut the genius of his son eclipsed all the 
splendor of hereditary titles and honours. Of his 
juvenile studies we have but little knowledge, none 
of bis £rst attempts, or essays, having ever appear- 
ed. He seems to have been an inventor rather 
than a student ; and to have entered at once into 
the depths of science, without attendii^ to the 
usual gradations. It was cm this account that Fon- 
tenelle applied to him the following idea of the an- 
deotSy eoncerning the unknowii source of the ma- 
jestical river that fertiles JEgypt : II n'a ps^ ete 
permis aux hommes de voir le Nil foible et nais- 
sant. 

Every science upon which this great man em- 
ployed his attention, received a new ibrm from bis 
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hands, and was carried to a degree of perfection 
unlooked for by the ancients. In the course q( a 
few years he had destroyed the works of ages, and 
erected an edifice of his own, which will be as 
durable as the fabric of nature itself. Algebra, 
geometry, mechanics, optics, chronology, philoso- 
phy and astronomy, began now to assume an un* 
usual splendor and dignity ; and by his improVe* 
ments and discoveries, were rendered prodigiottsly 
more extensive and important The method of 
Fluxions, in particular, was entirely his own in- 
vention ; which alone was sufficient to have rea* 
dered his name immortal. The exquisite subtilty 
of thb doctrine is such, that the powers of the hu* 
man mind seem inadequate to a higher pursuit. 
A^y thing beyond it, must^ be the science of pure 
intelligence. 

From a genius like this, what had we not to ex- 
pect ? His account of the universe, and the laws 
by which it is regqlated, b founded upon the most 
indubitable principles of reason, science, and ol^ 
servation. We are no longer compelled to wander 
through the intricate mases of hypothesis and con- 
jecture. Nature appears again in all her primitive 
simplicity. Newton has dissolved the chaos, and 
separated the light from the darkness. His inimit- 
able work, The Mathematical Principles of Natu- 
ral Philosophy, contains the true astronomical 
£|ith, which may be strengthened and improved by 
farther enquiries, but can nevef be shaken or de- 
ftroyed. 

To g^ve a perspicuous and methodical account 

H 2 
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of his various investigations and discoveries, would 
be a work of great difficulty, and what, from the in- 
competency of your present acquirements, could 
afford you but little instruction. Confining my- 
self, therefore, to those which are the most fami- 
liar and interesting, I shall begin with his specula- 
tions upon gravity and attraction, and relate from 
the authority of his commentator and friend, Dr. 
Pemberton, the simple incident which is said to 
have given birth to them. 

About the year 1666, or the twenty-fourth year 
of bis age, he retired from Cambridge into the 
country, in order to avoid the plague, which, at 
that time, raged with great violence ; and sitting 
one day in an orchard, an apple, by chance, falling 
fromoneof the trees, caused him to enter intoa num- 
ber of reflections. The phsenomena of falling bodies 
particularly engaged his attention ; and pursuing 
the ideas which presented themselves to his mind, 
he carried his researches from the earth to the 
heavens, and began to investigate the nature of 
motion in general. Because there is motion, he 
observed, there must be a force which produces 
it ; but what is this force ? That a body, when 
left to itself, will fall to the ground, is known to the 
most illiterate ; but if you ask them the reason of 
its doing so, they will consider you either a fool or 
a madman: the circumstance is too common to 
excite their surprise, although philosophers are so 
much embarrassed with it, that they find it almost 
incKplicable. 

Let us follow Newton, and examine this ques- 
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tion a little farther. Does the cause of weight or 
gravity exist in the bodies themselves, or out of 
them? It seems natural to conclude, that the 
propensity which all suspended bodies have of fall- 
ing to the earth, exists in the bodies themselves. 
When I take a stone, and let it drop from my 
hand, it falls immediately to the ground ; and would 
fall still farther, if there were a hole in tlie earth, 
and nothing prevented its passage. And the same 
thing happens to all other bodies, with which we are 
acquainted : there is no material substance, either 
great or small, but what will fall towards the earth 
the moment it is disengaged, and free from ajl out- 
ward impediments. 

In like manner it may be observed, that when a 
stone or any other body is placed upon a table, it 
presses the table with the same force, by which it 
would, if left to itself, fall to the ground. And 
when a body is suspended at the end of a string, 
the force that pushes it downwards stretches the 
string, and if it is not sufficiently strong, will break 
it. From which circumstances it plainly appears, 
that all bodies press with a certain force against the 
obstacles which support and hinder them from 
falling ; and that the degree of force, in either case, 
is precisely the same with that, which in a free 
space would bring them to the ground. 

The cause of this propensity in all bodies to fall 
to the earth, be it what it may, is called gravita- 
tion or attraction ; and when a substance is said 
to be heavy, nothing more is meant than the ten- 
dency it has to fall to the ground ; or the force by 
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which it presses upon any other body that supports 
it: The weight and gravity of a body may, there; 
fdre, be taken for the same thing ; as both the one 
and the other expresses the force by which the body 
is impelled towards the earth, whether this force 
exists in the body itself, or out of it. 

With this property of bodies, obvious as it is, 
the ancients were very imperfectly acquainted. 
They believed that there were substances, such as 
vapours and smoke, that by their nature were light, 
and would for that reason ascend This notion, 
however, as well as that of absolute levity in gene- 
ral, is now known to be a mistake, and without the 
least foundation : for in an exhausted receiver, or 
a space void of air, all bodies whatever, smoke or 
a stone, a piece of gold or a feather, fall from the 
top to the bottom in the same time. The distinc- 
tion, therefore, between light and heavy bodies, is 
merely relative, as they are of the same nature, and 
have all a like propensity to fall to the earth. 

Neither can there be the least doubt but that 
gravity is a sort of force r for whatever is capable 
of putting a body in motion is properly so called. 
But in all forces, there are two things to be consi- 
dered ; the direction in which they act, and their 
intensity, or power. With respect to the direction 
of gravity, we are sufficiently assured, both by rea- 
son and experience, that a body, in falling, moves 
towards a point which is in, or near, the centre of 
the earth ; or, rather, in a straight line that is per- 
pendicular to its surface. The intensity, or power 
of gravity, is also proportional to the weight of the 
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body under ccuisidcratioa ; those whkh are the 
heaviest, 0$ that we^h the most, bek^ always ob- 
served to descend with the greatest force; and 
those that we^h the leasts with the least ibrce : so 
that the weight o£ every body may always be con- 
sidered as the just measure of its gravky,^ ^r the 
force by which it is made to &U towards the earth. 

It may be asked, if the same body, being co«r- 
veyed to different places upon the eartb^s surface, 
will always have the same weight? Thpse who 
have superficiatliy considered the naibject, witL ect- 
tainly ima^ne this to be the case ; bat by number^ 
less experiments, the troth of which canmot he 
doubted, it is easy to prove the contrary. The 
wdght of a body under the Equator i» kea thaaat 
either of the Poles ; and in every othet sifenuuticMi, 
it varies in a certain proportion to the tatitude of 
the place ; which is occasioned by the oblate i^he- 
roidical figure of the earth, as witt be noticed in a 
future letter. . This difference, however, is net to 
be discovered by means of a balance, or the scaks 
which are usually employed upon these occasions ; 
because the weight, against which the body is op* 
posed, is subject to the same variation. The me- 
thod by which it has been determined, is by ob* 
servations made on the vibrations, of pendulums of 
equal lengths, which are found to move swifter at 
London or Paris, than under the Equator. 

These are but the first links in the chain of 
Newton's ideas : let us follow )ma a little farther. 
— The earth is a globe, and gravity acts perpetually 
in straight lines which are perpiendicttlar to its sur- 
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face. Suppose a hole could be bored through it, 
and that a body was placed at the centre, what 
would be its weight ? Evidently nothing: it would 
remain in the situation in which it was placed, un- 
suspended and unsupported; since in this situa- 
tion, being equally acted upon on all sides by the 
same attractive force, it can have no tendency to 
mov^ either way, and will therefore remain at rest, 
and be without weight. For the same reason, if a 
body was dropped into this orifice from the earth's 
surface, the velocity acquired, by the repeated im- 
pulses of gravity during the timeot its fall, would 
carry it to the opposite extremity of the opening, 
' from which it would again return, and continue to 
move backwards and forwards for ever, if the 
medium had ho resistance. 

Since, therefore, a body, when placed at the 
centre of the earth has no weight, we should be led 
to -conclude from anajogy, that, in descending to- 
wards the centre, its weight must be successively 
diminished ; for it is not easy to conceive, that the 
gravity of a heavy body can change immediately 
from a certain fixed quantity to nothing. And this 
doctrine, notwithstanding the impossibility of sub* 
mitting it to the test of experiment, is not only 
reasonable in itself, but it admits of the most rigo- 
rous demonstration. Newton, in his Principia, has 
ascertained this gradual diminution of weight, and 
calculated its precise proportion ; which, at all dis- 
tances below the surface of the earthy he found to 
be proportional to the distance from the centre. 

That such a diminution of gravity, indeed, must 
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of necessity take place, is evident, if we consider, 
that when a body is placed below the surface of 
the earth, it will be acted upon upwards by the 
attractive power of the part above it, which will 
therefore be opposed to the same power in the 
parts below, and consequently the whole action 
downwards will be the difference of those two 
forces ; which, when the body is supposed to be 
at the centre, will of course be nothing, being then 
equally acted upon in both directions, and therefore 
it will remain at rest, as was before stated. 

If now we leave the internal recesses of the 
earth, and extend our researchesi to the heavens ; 
we shall still find a diminution of gravity, but de- 
creasing by a different law ; the cause of which is 
not however so obvious as in the former instance. 
Indeed all that can be said on tliis head is, that 
that the fact has been ascertained from observa. 
tion, but the cause of it is as little un'derstood as 
that of gravity itself. The truth ot facts, how- 
ever, is not weakened because their causes are 
unknown ; and Newton has shown in the most 
satisfactory manner, that the gravity of bodies, 
above the earth's surface, continually diminishes 
as the squares of their distances from the centre 
increase : or, which is the same, that the forces are 
as 4 to' 1, when the distances from the centre are 
as 1 to 2 ; as 9 to 1; when the distances are as 1 to 
3 ; and so on. 

From this account you will readily perceive, that 
gravity is acertain force which acts upon all bodies, 
and gives them a tendency to fall towards the centre 
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of the earth : and that this forc^, whatever it may 
be, acts most strongly upon the earth's sur- 
face ; being subject^ either in ascending or descend- 
ing, to continual diminution. How then does it 
appear, that gravity, or weight, is an inherent and 
necessary property of body ? It increases or di- 
minishes perpetually, according to a certain propor- 
tion of the distance from the centre ; but what is 
permanent and essential admits not of such difle* 
.rent and various mutations. You see then that 
weight is not so necessarily connected with matter, 
as, from a slight consideration of the subject, you 
would naturally imagine. 

These were probably Newton's first reflections 
upon the nature of falling bodies. We shall now 
see what use he made of them, in applying them to 
the celestial motions. He soon perceived that the 
force of gravity was not confined to the surface of 
our globe, being found to act with the sameenargy 
at the greatest heights to which we can ascend, and 
therefore he conceived it might probably extend as 
far as to the moon, and be the means of retainiDg 
her in her orbit. The conjecture was happy ; and, 
by the following application of it, be was presently 
enabled to prove its validity. Imagine the moon, 
at the first moment of its creatioci, to have been 
projected forwards, with a certain velocity, in a 
straight-lined direction ; then, as soon as it began 
to move, gravity would act upon it, and impel it 
towards the centre of the earth. But as a body 
impelled by two forces will follow the direction of 
neither, the moon, so circumstanced, would neither 
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proceed directly forwards, nor fall directly down- 
wards, but keep a middle course, and move round 
the earth in a curvilinear orbit. 

This idea will be more fully illustrated, by at- 
tending to the motion of a shell, or any other pro- 
jectile. A ball discharged from a piece of ord- 
nance, in an horizontal direction, does not fall to 
the ground till it has proceeded to a considerable 
distance ; and if it be projected from the top of a 
high mountain, it will fly still farther before it 
comes to the earth. Increase the force, and the 
distance will be augmented accordingly. And thus, 
in imagination at least, we can suppose the bail to 
be discharged with such a velocity, that it will never 
come to the ground, but return again to the place 
from which it set out ; and so proceed on again, 
and circulate continually round the earth, in the 
manner of a little moon. 

Newton did not stop here : he began to gene- 
ralize the problem, and by means of his mathema- 
tics, soon came to this important conclusion. A 
body which moves in a curve, round a fixed point; 
by virtue of a force directed to that point, 
describes equal areas in equal times. This is a 
law of nature which had before been discovered by 
Kepler from observation. The supposition, there- 
fore, that the moon is under the influence of such 
a force, is confirmed both by science and expe- 
rience ; and every improvement which has since 
been made in the theory of her motion, has been 
derived from these principles. 

It was likewise discovered by Galileo, that, sup- 
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posing gravity to act in parallel lines, a body pro- 
jected through the air, with any force whatever, 
would describe a curve which is called a parabola, 
if the medium had no resistance. But Newton, 
whose genius soared above petty 'distinctions, ex- 
tended this problem, and made it more general. He 
no longer considered the falling body as having a 
limited distance, nor the force of gravity as acting in 
parallel lines; but regarding the centre of the earth 
as the centre of attraction, and takinginto considera- 
tion the lateral uniform velocity of the projectile, 
be proved that it would move round the earth in an 
elliptical orbit, having the centre of the earth for 
one of its foci. So that the projectile, in this in- 
stance, may be considered as a moon, moving round 
the e^arth, or as one of the satellites of Jupiter or 
Saturn, moving round those planets ; the circum- 
stances, in either case, being exactly the same. 

That the moon is actually under the influence of 
gravity, and moves by means of that force, may be 
shown as follows : it can readily be computed, that 
the moon is deflected from the tangent of her or- 
bit, at every point of the curve 16-5^ English feet 
in a minute, or 60 seconds of time ; and, therefore, 
if the moon was deprived of the impulse by which 
she has a tendency to move in a right line from 
west to east, and the central force only remained, 
jshe would fall towards our globe, and describe the 
above-mentioned space in the first minute of her 
descent. 

This being ascertained, Newton compared the 
jspace which would thus be described by the moon 
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at her present distance, with that which would 
have been described by her, or any other heavy 
body in the same time, near the earth's surface, as 
determined by Galileo from actual experiment; 
and found, that in the latter case, the space de- 
scribed would be 3600 X 16-^ feet. Then, com- 
paring the distance of the centre of the earth from 
the surface, or the radius of the earth, with the dis- 
tance of the moon from the same centre, which was 
known to be equal to 60 of those radii^ he found 
that the force of gravity at the earth's surface, was 
to its force at the distance of the moon, as 60' to 1 ; 
so that the force decreases as the square of the 
distance increases. And in a similar manner, he 
found that the same law obtained with respect to 
all the other planets ; whence he concluded, that 
they must be acted upon by gravity in the same 
manner, and that the whole universe is governed by 
the same laws ; for so exact a conformity, or rather 
such a perfect identity of effects, can only arise from 
an identity of causes. 

These discoveries are, like the genius of their 
author, universal ; but before we proceed any far- 
ther, it will be proper to enquire a little into the 
nature of gravitation in general, that powerful 
agent, which produces so many astonishing effects. 
It has been shown, that by the action of this invi- 
sible power, a stone is made to fall to the ground, 
the moon circulates about the earth, and the satel- 
lites of Jupiter and Saturn round the bodies of 
those planets. The Newtonian doctrine, which 
proves the truth of these laws from mathematical 
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priQcipleSy is called the System of Universal Gra- 
Titation, or Attraction. But what k this occult 
principle of sympathy and union, which gives lifil 
and motion to inanimate beings, and how does it 
act? The effects are visible, but the agent that 
produces them is hid from our senses. It eluded 
the search of Newton himself; he that soared to 
the utmost regions of space, and looked through 
nature with the eye of an eagle, was unable to dis* 
cover it. 

That there is, however, such a principle, is not 
to be doubted. To deny its> existence, would be 
tp deny the truth of facts, established both by ex* 
periment and demonstration. That two distant 
bodies will approach towards each other, without 
any visible agent either drawing or impelling them, 
may be made manifest by various instances. The 
loadstOQe and a piece of iron mutually attract each 
other; two cork balls, swimming in water, ^- 
proach together and meet; and, in electricity, we 
have numberless experiments to show, that seve*- 
ral other bodies have a like tendency to uoite 
and adhere to each other. These bodies, it is true, 
act by particular laws, diffisrent (fom that of gra^ 
vity; but they serve sufiiciently well to illustrate 
the nature of that principle^ 

But lest these instances should be thought in* 
sufficient, it may not be amiss to mention another, 
which, independently of mathematical demon- 
stratipns, goes near to show the universality of this 
property. 

The French mathematicians who were employed 
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ia mea&uriDg the circumfisrence of the eardi, ob- 
sarved that alarge mountain in South America had 
a sensible effect upon the plumb line of their ia-» 
struments : but as this was a business foreign to 
that in which they were enga^d, they neglected to 
make the observations which were necessary to 
establish its yalidity. The Royal Society, how- 
ever, from this aad otiier considerations, were in- 
duced to prosecute the enquiry. And Dr.Maske- 
Ijfoe, the late astronomer-royal, who was employed 
by them for tha^ purpose, has furnished us with a 
seiies of observations, made on the mountain Scbe- 
haUien in Scotland, from which it appears that, by 
the forceof its attraction, the plumb line was drawn 
out of ks vertical direction about six seconds of a 
degree. 

This instance is sufficient to show that all bodies 
whatever attract and are atUucted ; and it has been 
£Eirther proved, by Newton, that their mutual 
actions upon each other, are in exact proportion 
to the quantity of matter they contain. As the 
sun, therefore, is the largest body in our system, he 
may be considered as the emperor of the world, 
and the earth, planets, and comets, as his subjects : 
by virtue of his power they move round him in 
their several orbits, ^' and from his lordly eye keep 
4istaooe due, aloof amid the vulgar constellations 
thick." Among the planets, also, there are several 
orders of. nobility. The Earth, Jupiter, Saturn, 
and Uranus, are the sovereigns of their dominions, 
and have the satellites or moons for their atten- 
dants. They each move round their masteri in 
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obedience to his will, and are subject to the laws 
•he. imposes on them. Thus celestial and sub- 
lunary nature are the same; order and regularity 
result uoiu seeming confusion, and subordination 
and dependence are to be seen in every part of the 
universe. 

This illustrious philosopher had made his dis- 
coveries in geometry, and laid the foundation of 
his two celebrated performances, the Principiaand 
the Treatise on' Optics, when he was only twenty- 
four years of age ; which is a circumstance no less 
extraordinary than the discoveries themselves ; and 
serves to countenance the idea of Fontenelle, who 
observes, upon this occasion, that if intelligent 
beings, of an order superior to man, make a pro- 
gress in knowledge by certain gradations, they pro- 
bably fly whilst we creep, and pass over, without 
notice, many of the intermediate steps, which the 
confined limits of the human mind render absolutely 
necessary to our advancement. 

" When we consider, says this ingenious writer, 
that, according to the doctrine of Newton, every 
single satellite of Saturn must gravitate towards 
the other six ; the other six towards the seventh ; 
all the seven towards Saturn; and Saturn and 
all of them towards the sun, according to a parti- 
cular law : what an immense skill in geometry 
must have been requisite to unravel the intricacies 
of so many d liferent relations. It was a daring 
attempt to undertake it ; and one cannot perceive, 
without amazement, that from so abstracted a 
theory, formed of so many particular theories, and 
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each of them perplexed with innumerable difficul- 
ties, conclusions should always arise exactly con- 
formable to fact and experience." These are, cer- 
tainly, such instances of genius and penetration, 
that, when taken in their fullest extent, the idea of 
the poet will scarcely be thought too extravagant : 
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Nature and Nature's laws lay hid in night, 
Ood said. Let Newton be> and all was light.'' 

Pope, 
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LETTEfl VIIl. 

OF THE NATURE OF THE TIDES. 

In my last letter I have unfolded to you the grand 
principle of attraction, and the manner in which it. 
operates. We have seen the genius of Newton in 
the heavens, and travelled with him to the sup and 
the planets. Let us noW descend, and follow him 
ipto the world of waters, through the depths of the 
ocean. By what power or cause is it, that this 
vast liquid body rises and falls alternately^ twice a 
day, in a manner so constant and regular. The 
ancients considered it as one of the greatest mys- 
teries in nature, and were utterly at a loss to ac- 
count for it 

Aristotle, the great oracle of antiquity, is repre- 
sented as having thrown himself into the sea^ be- 
cause he was unable to explain its motions ; and 
when he was in India, with Alexander tlie Great, 
it is said that he wanted to follow the tide in its 
reflux^ to see where it would go. The story is suf- 
ficiently absurd ; but not more so than the follow- 
ing one related of Kepler. He, in one of his reve- 
ries, considered the earth as a living being, and 
thought the flux and reflux of the sea was the effect 
of its respiration : men, and other creatures, he 
conceived to be insects which feed upon this ani- 
mal ; bushes and trees the bristles on his back ; 
and the water of seas and rivers a liquid which cir- 
culates in his veins. 

Galileo, Des Cartes, and even Kepler, have, 
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however, expressed themselves more philosophi- 
cally upon this subject ; but the first who clearly 
pointed out the cause of the phasnomenpn, and 
showed its agreement with the effects, was New- 
ton. To a genius, like hisj enterprise and discovery 
were recreation. The moon he presently saw was 
the principal agent which produces these motions; 
and, by applying his new principles of geometry^ 
and attraction to the enquiry, he soon showed the 
manner in which they are effected. To follow him 
through all his calculations, would be to perplex 
the subject instead of elucidating it. Not to in- 
sist, therefore, upon abstruse investigations, which 
are intelligible only to mathematicians and philoso- 
phers, I shall begin by describing the most obvious 
facts, and afterwards show their conformity with 
the theory he has established. 

The ocean, it is well known, covers more than: 
one half of the globe ; and this large body of water 
is found to be in continual motion^ ebbing and 
flowing alternately, without the least intermission^ 
What connection these motions have with the 
moon, we shall see as we proceed ; but, at present, 
it will be sufficient to observe that they always fol- 
low a certain general rule. For instance, if the 
tide be now at high -water- mark, in any port, or 
harbour, which lies open to the ocean, it will pre- 
sently subside, and flow regularly back, for about 
fix hours, when it will be found at low- water- mark. 
After this, it will again gradually advance for six 
hours, and then return back, in the same time, to 
its former situation ; rising and falling alternately, 

J o 
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twice a day, or in the space of about twenty*four 
hours. 

The interval between its flux and reflux, is, how- 
ever, not precisely six hours, but about eleven 
minutes more ; so that the time of high water does 
not always happen at the same hour, but is about 
three quarters of an hour later every day, for thirty 
days, when it again recurs as before. For example, 
if it be high water to-day at noon, it will be low 
watef at eleven minutes after six in the evening ; 
and, consequently, after two changes more, the 
time of high water the next day, will be at about 
three quarters of an hour after noon ; the day fol- 
lowing it will be at about half an hour after one ^ 
the day after that at a quarter past two ; and so on 
for thirty days ; when it will again be found to be 
high water at noon, the same as on the day the ob- 
servation was first made : which exactly answers 
to the motion of the moon ; she rises every day 
about three quarters of an hour later than upon 
the preceding one ; and, by moving in this manner 
round the earth, completes her revolution in about 
thirty days, and then begins to rise again at the 
same time as before. 

To make the matter still plainer ; suppose, at It 
certain place, it is high water at three o'clock in 
the afternoon, upon the day of the new moon; the 
following day it will be high water at three quartern 
of an hour after three; the day after that at half 
an hour past four ; and so on, till the next new 
moon ; when it will again be high water exactly at 
three o'clock, the same as before. And by obscrv- 
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ing the tides continually, at the same place, they 
will always be found to follow the same rule : the 
time of high water, upon the day of every new 
moon, being exactly at the same hour ; and tbre^ 
quarters of an hour later every succeeding day. 

Such a perfect harmony of motions, as is here 
pointed out, could not possibly arise from the mere 
concurrence of fortuitous causes, or the uncertain 
operations of blind chance, as many sceptical phi- 
losophers affect to believe. On the contrary, they 
are in such exact conformity with the motion of 
the moon, that, independently of all mathematical 
considerations, we should certainly be induced to 
look to her as tlieir cause. Neglecting, therefore, 
for the present, all such exceptions as do not affect 
the truth of the theory, we will proceed to show, 
from principles laid down by Newton, that these 
phaenomena are principally occasioned by the 
moon's attraction. 

For this purpose it will be proper to observe^ 
that the earth and moon mutually attract each 
other ; in consequence of which they would ap* 
proach towards the same point, if it were not for 
a contrary force acting in an opposite direction ; 
which being such as to cause an equilibrium of the 
two, their mean distance is preserved. The latter 
of these is called the centrifugal force, being that by 
which revolving bodies have a tendency to recede 
fiDtn their centres of motion; as a stone, when 
whirled round in a sling, has a tendency to fly off, 
and which requires a greater or less force to coun- 
teract it, according to the velocity with which it re- 
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Yolves. And as the earth and moon may be con« 
(idered as revolving about their common centre of 
gravity, it is obvious, that they will have a mutual 
tendency to recede from each other, or from their 
common centre of gravity. 

Now this force by which the earth is prevented 
from approaching towards the moon, acts equally 
on all its particles ; since each of them, moving 
with the same velocity, has the same tendency to 
recede, But the force by which they have a ten- 
dency to approach, is not equal in every particle ; 
It being a law of attraction, that the force in* 
creases as the squares of the distances decrease. 
Whence it is obvious, that the surface of the earthy 
or ocean, nearest the moon, is attracted by a 
greater force than the centre; and therefore the 
waters will have a tendency to rise in those parts 
immediately under the attracting body. 

In order to illustrate this by a figure, let m 
(PL III. fig. 6.) represent the moon^ o the centre 
of the earth, and z, r, n, &c. different points upon 
its surface ; and for the sake of perspicuity, let us 
suppose the earth to be entirely covered by the 
Ocean. Then the moon m will act upon the sur* 
face of the sea at the points z, r, n, &c. as well as 
upon the cehtre o. But the point z being nearer 
to the moon than the point o, the attraction at z 
will be greater than at 6; and at any other in- 
termediate points, the attractive force will be dif- 
ferent, according to their different distances from 
the moon. 
,^Qw ^ every particle has cm equal tepdeacy 
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to recede from the moon^ but an unequal one to 
treof approach towards it ; and since this latter attrac- 

jlual tive force is greatest on the part of the ocean^ 

[{]ejf which lies immediately under the moon, the waters 

will, of course, flow constantly to that part, and be 
]((({ elevated or depressed at different places, accord- 

jIIj ing as her situation changes with respect to those 

places. But as the earth turns round on its axis, 
from the moon to the moon again, in about twenty* 
four hours and three quarters, the flux and reflux 
will be necessarily retarded, from day to day, 
about three quarters of an hour, which is agreeable 
to experience, and what we have before men- 
tioned. 

So far then it must appear perfectly clear, that the 
tides are occasioned by the attractive power of the 
moon : but a circumstance the most singular, and 
difficult to conceive, remains yet to be explained : 
which is, that they ebb and flow twice a day, or in 
the space of about twenty-four hours. When the 
moon parses the meridian, or is at her greatest 
iieight above the horizon of any place, she will evi- 
dently attract and elevate the waters which lie im- 
mediately under her : but what is the reason, that 
twelve hours afterwards, when she passes the meri- 
dian below the horizon, the waters, at the same place, 
are then also elevated ? We know from experience, 
that, whether the moon be in the zenith or nadir, 
the phasnomenon is nearly the same ; it being high 
water with us at the same time that it is high water 
with our antipodes. 
This circumstance seemed, at first, so opposite 
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to the nature of attraction, that some philosophers, 
-who did not examine it with proper attenticHi, 
thought it a sufficient refutation of that doctrine. 
But the edifice of Newton is built upon a rock, and 
is not to be shaken by every idle wind that blows. 
It was ingenuously observed, upon a similar occa* 
sion, by his polite and candid opponent, the ac- 
complished Marquis de PolignaC; that what this 
great man asserts to be a fact must not be hastily 
rejected ; and I shall now show you the necessity 
of attending to this precaution, in the instance be- 
fore us. 

Let M (PL III. fig. 6.) represent the moon as be* 
fore ; o the centre of the earth ; and z and n those 
parts of the surface which are the nearest to the 
EDOon, and the farthest from her ; and, for the sake 
of perspicuity, let us suppose the earth, in this in- 
stance also, to be entirely covered by the ocean. 
Then as we have before seen, the waters at the 
point z, nearest the moon, will be elevated, be- 
cause this point is more strongly attracted by the 
moon than the centre o ; and because n is more 
remote than the centre o, the attractive power of 
the moon m, will be less at n than at o« Whence, 
since.every particle has an equal tendency to recede 
from the moon, but an unequal one to approach 
towards it, it follows, that those parts which are 
the least attracted will recede the farthest ; that is^ 
the waters at n, will recede the farthest from m, 
and consequently be equally elevated at this point, 
as at z. So that the attractive force of the moon 
will evidently raise the waters, both at that point 
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of the surface which is nearest to her, and at that 
which is farthest from her, at the same time, as was 
to be §hown. 

Following this system, then, it is to be observed, 
that at any port or harbour which lies open to the 
ocean, the action of the moon will tend to elevate 
the waters there, when she is on the meridian of 
that place, whether it be above the horizon or be- 
low it. But the water cannot be raised at one 
place, without flowing from, and being depressed 
at another ; and these elevations and depressions 
will ob\iously be the greatest at opposite points of 
the earth's surface. When the moon raises tb6 
waters at z and n, they will be depressed at h and 
a; and when they are raised by her at h and 
R, they will be depressed at z and n. And as the 
moon passes over the meridian, and is in the hori« 
2on, twice every day, there will therefore be two 
tides of flood and two of ebb in that time, at the 
interval of about six hours and eleven minuted 
each ; which is exactly conformably to theory and 
experience. 

One great privilege of genius seems to be, that 
of considering difficult things under a point of view 
which renders them more simple and perspicuous, 
and enaUes the mind to comprehend and follow 
them with ease and facility. This felicity of con» 
ception was possessed by Newton in the highest 
degree: he always knew, in every case which re- 
l|uired investigation, the proper mode of resolving 
the question. Geometry and mechanics were hi« 
favourite sciences, and, by their means, he moh 
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conquered every difSculty. We have seen^ in the 
present instance, bow easily he removed objec-^ 
tions, and reconciled apparent contradictions. Tlie 
occuring of the tides at the same place twice a day, 
was made use of as an argument against the truth 
of his grand principle of attraction; but thi$, so 
far from being repugnant to that doctrine, he ha3 
shown to be a necessary consequence of it. 

Another seeming objection may also be removed 
with ttie same ease. From a slight consideration 
of what has been said, you might be led to imagine^ 
that the time of high water at any place, would be 
when the moon is over the meridian of tbat place* 
But this is by no means the case : it is usually about 
thr^e hours afterwards ; the reason of which may he 
shown as follows. The tnoon, when she is on the 
meridian, or nearest to the zenith of any place, tends 
to raise the waters at that place ; but this force 
must evidently be exerted for a considerable time^ 
before the greatest elevation will take place ; for 
if the ' moon's attraction were to cease altogether^ 
when she has passed the meridian, yet the motion 
already communicated to the waters would make 
(hem continue to ascend for some time afterwards^ 
9nd, therefore, they must be much more disposed 
to ascend, when the attractive force is only in a 
small.measure diininished. 

The waves of the sea^ which continue after a 
storm has ceased, and almost every other motioi!^ 
of a fluid, will illustrate this idea; all such effects 
being easily explained, from the consideration that 

» small ii»puls^ ^ven to a body in motion^ will 
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make it move farther than it would otherwise have 
done. It is also, upon the same principle, that 
the heat is not the greatest upon the longest day, 
but some time afterwards ; and that it is not so hot 
at twelve o^clock, as at two or three in the after^ 
noon ; because there is a farther increase made to 
the heat already imparted^ Instead of its being 
high water, therefore, when the moon is upon the 
meridian of any place, it will always be found to 
happen, as far as circumstances will allow, at about 
three hours afterwards ; and the intervals between 
the flux and reflux, must be reckoned from that 
time in the same manner as before. 

From what has been hitherto said, it may be 
supposed that the. moon is the sole agent concerned 
in producing the tides. But it will be necessary 
to observe, before we quit the subject, that the in* 
fluence of the sun would also produce a similar 
effect, though in a much less degree, than, from bis 
superior magnitude, we should naturally be led to 
ima^ne. For it is not the entire actions of those 
bodies upon the whole globe of the earth, that is 
here to be considered, but only the inequalities of 
those actions upon different parts of it. The whole 
attractive force of the sun is far superior to that of 
the moon ; but as l^is distance from the earth is 
near four hundred times greater, the forces with 
which he acts upon different parts of it, will ap-* 
proach much nearer to equality than those of the 
moon ; knd consequently will have a less effect io 
producing any change of its figure. For, from what 

tijts b^^n observed, it i^ munifest tbi^t if ^1 the 
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parts oiF the earth were equally attracted, thej 
would suffer no change in their mutual situa- 
tions. 

That this doctrine may be still more clearly un- 
derstood, let it be considered, that though the 
earth's diameter bears a considerable proportion to 
the distance of the earth from the moon, yet this 
diameter is almost nothing when compared to the 
distance of the earth from the sun. The difference 
of the sun*s attraction, therefore, on the sides of 
the earth under and opposite to him, will be much 
less than the differende of the moon's attraction on 
the sides of the earth under and opposite to her : 
for which reason, the moon must raise the tides 
much higher than they can be raised by the sun^ 
Newton has calculated the effect of the sun's in* 
fluence, in this case, and found that it is about one 
third of that of the moon. The action of the sun 
alone would, therefore, be sufficient to produce a 
flux and reflux of the sea; but the elevations and 
depressions occasioned by this means, would be 
about three times less than those produced by the 
moon. 

The tides, then, are not the sole production of 
the moon, but of the joint forces of the sun and 
moon together. Or, properly speaking, there are 
two tides, a solar otie, and a lunar one, which have 
« joint or opposite effect, according to the situation 
of the bodies that produce them. When the 
actions of the sun and moon conspire together, as 
at the time of new and full moon, the flux and re- 
flux becomes more considerable; and these are 
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then called the Spriog Tides. But when one tends 
to elevate the waters, whilst the other depresses 
them, as at the moon's first and third qiiarters^ 
the effect will be exactly the contrary ; the flux 
and reflux, instead of being augmented, as before, 
will now be diminished ; and these are called the 
Neap Tides. 

But as this is a matter of some importance, it 
may be worth while to enter into a more minute 
explanation of it. For this purpose, let s (PL iii. 
fig. 7.) represent the sun, zhnb the earth, and f and 
c the moon at her full and change. Then, because 
the sun s, and the new moon c, are nearly in the 
same right line with the centre of the earth o, their 
actions will conspire together, and raise the water 
about the zenith z, or the point immediately under 
them, to a greatfer height, than if only one of these 
forces acted alone. But it has been shown, that 
when the ocean is elevated at the zenith z, it is also 
elevated at the opposite point, or nadir n, at the 
same time ; and, therefore, in this situation of the 
sun and moon, the tides will be augmented. Again, 
whilst the full moon f raises the waters at n and 
z, directly under and opposite to her, the sun s, 
acting in the same right line, will also raise the 
waters at the same points z and n, directly under 
and opposite to him ; and therefore, in this situa- 
tion also, the tides will be augmented; their joint 
effect being nearly the same at the change )els at the 
full ; and, in both cases, they occasion what are 
called the Spring Tides. 

Pursuing the illustration in the same way, let 
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now F and t (PI. iii. fig. 8.) be the moon in heir 
first and third quarters, and the rest as before.. 
Then, since the sun and moon act in the right lines 
s o and ft, which are nearly perpendicular to each 
other, their forces will tend to produce contrary 
effects ; because the one raises the waters in that 
part, where the other depresses them. The sun's 
attraction at r and h, will diminish the effect of 
the moon's attraction at z and n ; so that the wai- 
ters wilt rise a little at the points under and oj^o- 
site to the sun, and fall as much at the points undet^ 
and opposite to the moon ; and of course the lunar 
tides will be diminished in those parts. This re- 
spects the moon only in her first quarter, at fj 
but the same reasoning will evidently hold, when 
applied to the moon in her third quarter, at t ; for 
as the sun and moon still act in lines which are 
perpendicular to each other, they must produce 
the same diminution as before ; and in both these 
cases tliey occasion what are called the Neap Tides. 
But it must be observed, that neither the Spring 
nor Neap Tides happen, when the sun and moon 
have the precise situations here mentioned; be- 
cause, in this case, as in all others, their actions da 
not produce tbe greatest effect when they are the 
strongest, but some time afterwards. 

The effects of the disturbing forces of the sun: 
and moon, depend, likewise, upon their respective 
distanced from the earth, as well as upon their par- 
ticular situations. For theUess the distances are,, 
the greater will be th^ effects ; and, therefore, in 
winter, wh«n the sun is nearer to the earthy the 
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Spring tides will be greater than in summer, when 
be is farther off; and the neap tides, on that ac- 
count, will be less. And, for a like reason, as the 
moon moves in an elliptical orbit round the earth, 
and is nearer to us at some times than at others, 
^e tides will, at those times, be greater, and at th^ 
opposite points of her orbit less. Some variations,, 
likewise, take place in consequence of the different 
declinations of the sun and moon at different times. 
For if either of these luminaries were at the pole^ 
it would occasion a constant elevation both there, 
and at the opposite one, and a constant depression 
at the equator ; so that as the sun and moon gra* 
dually decline from the equator, they lose their 
effect, and the tides become less ; and when they 
are both in the equator, the tides of course become 
greater. 

These are the principal phaenomena of the tides; 
and where no local circumstances interfere, the 
theory and facts will be found to agree. But it 
must be observed, that what has been here said, 
relates only to such places as lie open to large 
oceans. In seas and channels, which are more 
confined, a number of causes concur, which occa* 
sion considerable deviations from the general rule, 
Thus, it is high water at Plymouth about the sixth 
hour; at the Isle of Wight about the ninth hour; 
and at London-bridge about the fifteenth hour," 
after the moon has passed the meridian. And at 
Batsha, in the kingdom of Tonquin, the sea ebbs 
and flows but once a day ; the time of high water 
being at the setting of the moon, and the time of 
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low water at her rising. There are, also, great 
variations in the height of the tides, according to 
the situation of coasts, or the nature of the streights 
which they have to pass through. Thus, the Me- 
diterranean and Baltic seas have very small eleva- 
tions ; while, at the port of Bristol, the height H 
sometimes forty feet; and at St. Malo's it is said 
to be near a hundred. 

What has been said of the ocean may likewise 
be applied to the air; for the surface of the atmo- 
sphere being nearer to the moon than the surface oi 
the sea, it is plain that the aerial tides must be 
much more considerable than those of the ocean : 
and on this account it should seem to follow, that 
the mercury in the barometer would sink consider- 
ably lower than at other times, when the moon 
passes the meridian ; because her action on the 
particles of air, must, at that time, make them much 
lighter. But it must be considered, that in pro- 
portion as these particles are rendered lighter, a 
greater number of them are accumulated, till the 
deficiency of gravity is made up by the height of 
the column ; and as there is then an equilibrium, 
the pressure will evidently be the same as before ; 
and consequently the mercury in the barometer, 
cannot, in any respect, be affected, by means of 
these tides. 
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LETTER IX. 

OF THE LATITUDE AND LONGITUDE, AND THE 
METHODS OF DISCOVERING THEM. 

In almost all difficulties we have our resources j 
and such are the inventive powers of the mind^ 
that there are but few things, which it is useful for 
us to know, but what some means have been de- 
vised for obtaining a knowledge of them. To de- 
termine the true place of a ship at sea, is a problem, 
which was formerly placed in the same degree of 
probability with the secret of prolonging life, the 
perpetual motion, the squaring of the circle, and 
other similar projects : but, impossible as the solu- 
tion of it might appear, it can now be obtained to a 
degree of precision, sufficient to answer most prac- 
tical purposes. By the help of a few books, and a 
quadrant, the mariner can not only inform himself 
of the situation he is in, but also how far he has 
travelled, what distance he has to go, and how he 
must direct his course to arrive at the place he de- 
signs to visit. 

In this enquiry, nothing more is necessary, than 
to find the latitude and longitude of the places 
under consideration ; for these being once known, 
by only turning to a common map or globe, the 
places themselves will be found by inspection. 
What is to be understood by these terms, and how 
they are applicable to the purposes mentioned, you 
will, no doubt, be anxious to enquire ; and I shall 
endeavour to satisfy your curiosity to the utmost 

K 
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of my power. The subject is no less useful thati 
curious, being the very foundation both of geo- 
graphy and navigation ; and, in order that you may 
obtain as clear an idea of it as possible, we will 
begin with the first principles, and proceed gra^ 
dually, step by step, to their application. 

In the first place, then, as it is absolutely neces- 
sary for you to hav^ a perfect conception of what 
is meant by the poles of the earth, the equator, and 
the meridians, I shall describe them in as familiar 
a manner as the subject will admit, and at the sam9 
time show you their use and design. The poles 
are the two extremities of the earth's axis ; or those 
points where the imaginary line, round which it 
performs its daily revolutions, meets the earth'$ 
surface : that which is directed towards the most 
northern point of the heavens, being called the north 
pole ; and that which is directed towards the most 
southern point, the south pole. So that they ar^ 
diametrically opposite to each other^ and always 
preserve the same relative situation^ 

" Two poles turn round the globe, one seen to rise 
O'er Scythian hills^ and one in Libyan skies ; 
The first sublime in heav'n^ the last is hurVd 
Below the regions of the nether world 5 
Where, as they say, perpetual night is found. 
In silence brooding on the unhappy ground : 
Or, when Aurora leaves our northern sphere^ 
She lights the downward heay*n^ and rises there; 
And when on us she breathes the living light. 
Red Vesper kindles there the tapers of the night." . 

VlEOIL* 

It is, also, to be observed, that these two points 
have not been arbitrarily assumed by geographers 
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9ind astronom^rsy to answer their particular pur- 
po6es> for tbey are pointed out to us by the nature 
and constitut^n of ttie globe, and are easily dis- 
tinguished from all others. The nearer we ap - 
proach to them, the more we find the earth become 
barren and inhospitable ; so that, under the poles, 
the cold is so excessive, that the country is, in all 
probability, wholly uninhabitable. Many attempts 
have been made to explore these remote r^ioo3, 
but they have all hitherto failed ; and there is great 
reason to imagine that they are utterly inacces- 
sible (y). Tlie immense quantities of ioe with 
which the ocean, in those parts, is continually 
covered, renders navigation impracticable; and 
any method of approaching them by land, would 
be subject to still greatir impediments. 

From these considelrations, you will be able to 
obtain a precise and determinate idea of the poles. 
Imagine now a circle to be drawn round the globe, 
je^^ctly in the middle between these two points, 
find this will be the equator; which, properly speak- 
ingi ii^ a greai circle of the earth, that separates 
tbf} northern from the southern hemisphere, and is 
every where at an equal distance from tfa^ two 
poles.' This circle is also no less remarkable, on 
account of its situation, than the poles themselves ; 
the heat here being almost as intense as the cold is 
there ; for which reason, the ancients imagined the 

{/) The nearest approach towards the noithpole was ths^t 
made by Captain Phipps, in the year 1 773, when he penetrated 
as far as latitude eighty degrees thirty-seven mimites 5 where 
the fiea was entirely blocked up with ice. 

K 2 
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countries in both situations to be equally uninha- 
bitable. Since the globe, however, has been far- 
ther explored, it has been found that many places, 
which lie directly under the equator, are extrenaely 
populous, notwithstanding the excessive heat of 
the climate ; and even the bleak regions of the pole 
are not wholly desolate; so that the following de- 
scription of those parts must be considered as more 
poetical than just 

^' The fields of liquid air^ inclosing all. 
Surround the compass of this earthly ball i 
And as five zones th' etherial regions bind> 
Five, correspondent, are to earth assign'd : 
• The sun, ivith rays directly darting* down, 
Fires all beneath, and fries the middle 2x»ne : 
The two beneath the distant poles complain 
Of endless winter, and ^rpetual rain : 
Betwixt th' extremes, two happier climates hold 
The temper that partakes of hot and cold." 

Ovid. 

Having fixed the position of the poles and equa- 
tor, it will be easy to form a notion of any other 
circles that can be drawn* upon the globe. A me- 
ridian, for instance, is a certain great circle, which 
is supposed to pass through the two poles, and to 
divide the eastern half of the earth from the western 
half. And because any place, which lies to the 
east or west of another, may have a circle of this 
kind drawn through it, you will readily perceive 
that there may be as many meridians as there are 
places of different situations. The meridian of any 
particular place is also to be known, by its being 
that circle in which the sun js always tp be found 
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at noon, or when he is at an equal distance both 
from the point where he rises, and that where he 
sets. * - 

But what has been here described, will perhaps 
be better understood from the following figure, 
(PL iir. fig.2.) where the line sn represents the 
axis of the earth, or that line about which its diur-> 
nal revolution is performed, n and s, the north 
and south poles, and eq, the equator; also san, 
SBN, scN, &c. are meridians passing through the 
north and south poles, and each dividing the earth 
into an eastern and western hemisphere, the same 
as the equator eq, divides it into a northern and 
southern hemisphere. (g*) 

These are th^ principal circles concerned in the 
present subject ; and if they be properly under- 
stood, what follows will be found perfectly easy. 
The equator, for instance, is represented as a 
boundary, which separates the northiern from the 
southern hemisphere ; and the latitude of a place 
is its distance noith or south from this circle. If 
the place lies in the northern hemisphere, it is said 
to have north latitude ; and if it lies in the southern 
hemisphere, it is said to have south latitude: so 
that the latitude of any place will .be greater or 
less, according as it is farther from, or nearer to 
the equator. And in order to estimate this dis- 
tance, we conceive a meridian to be drawn through 



{g) A description of the various circles of the sphere, will 
be fouad in the explanation of the principal terms made use 
pi in astronomy, given at the end of the work. 



IS4 LATITU2>E AVT> tONGlTUD£. [lET* IX; 

the place proposed ; and by reckoAtng how many 
degrees of that circle are contained between this 
point and the equator, we are enabled to judge of 
the situation of the place with respect to its lati* 
tude. 

Every circle is supposed to be divided into 360 
equal parts, called degrees, and every degree into 
sixty equal parts, called minutes ; so that, from 
these considerations, you will readily perceive what 
is to be understood by the latitude being express- 
ed in degrees and minutes, and how the distance 
of any place from the equator may be assigned by 
them. If, for example, a place is said to have 
ninety degrees of north latitude, it must, evidently, 
lie under the north pole ; and if it has ninety de- 
grees of south latitude, it must be under the south 
pole. In like manner, any place which is exactly 
in the mid- way between the equator and either of 
the poles, will have forty-five degrees of latitude, 
north or south, according to the hemisphere in 
which it lies : so that under the equator the lati^ 
tude is nothing, but increases gradually as you 
advance towards either of the poles, where it is 
ninety degrees, or the greatest possible ; as will be 
evident from consulting the above-mentioned 
figure. 

A great number of different places it is obvious, 
may also have the same latitude ; for if a circle be 
supposed to be drawn through any point of the me- 
ridian, parallel to the equator, all the places which 
lie under that parallel will be equally distant from 
the equator, and consequently must have the same 
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latitude; as is the case of the circles 10, 10 ; SO/ 
SO ; 8cc. It appears, therefore, that by knowing 
the latitude of a place only, we are not from this 
alone able to ascertain its exact situation. We can 
tell under what parallel it lies, or what is its dis- 
tance from the equator; but other consideration^ 
are necessary to fix its precise position in that 
parallel, and to enable us to find it upon a map or 
globe. 

Before we can do this, we must know the dis- 
tance of the place from a certain meridian, as u ell 
tts its distance from the equator. . But as none of 
these circles are, in their own nature, distinguish- 
able from the rest, it will be necessary to fix upon 
some one in particular, and agree to refer all our 
computations to that. Suppose, for example, that 
we take any remarkable place upon the earth, and 
consider the meridian which passes over it, as the 
principal one: this may then be called the first 
meridian, and by noting the points where it cuts the 
equator, the distance of any place may be properly 
reckoned from it in degrees and minutes of that 
circle. 

The choice of a first meridian has been a matter 
of considerable embarrassment both to astronomers 
and geographers, and even yet they are not per- 
fectly agreed in their determinations. The French 
formerly made their first n^eridian pass through the 
island of Ferro, one of the Canaries; and the 
Dutch fixed upon another of those islands, called 
TenttifTe, as the propereM situation for this pur* 
pose* But the En^ilh^ with more propti^ty, make 



136 I.ATITUDE AND LOHOITUDE, [lET. IX. 

their first meridian pass over London, or rather over 
Greenwich^ on account of the Royal Observatory 
being at that place. This disagreement amongst 
the astronomers of different nations is not, how- 
ever, to be considered as a matter of much import* 
ance ; for whichever is regarded as the first meri- 
dian, the rest may be easily deduced from it, by 
noting the different points where they intersect the 
equator^ and finding the difference. 

The idea of making the meridian pass over the 
capital of a kingdom is a very natural one ; but you 
will, no doubt, be curious to know why the islands 
of Ferro and Tcneriffe were fixed unon in pre- 
ference to all other places for this purpose. The 
principal reason seems to have been, on account 
of the westerly situation of these places ; for as 
they lie in the Atlantic ocean, between Europe and 
America, the first meridian being made to pass 
over this part of the globe, might then be consider- 
ed as the western boundary of Europe: besides 
whi^, the Dutch and Germans imagine the peak of 
Teneriffe, on account of its being one of the highest 
mountains in this part of the world, to be a place 
peculiarly proper for this purpose. 

These reasons, however, are by no means satis- 
factory. The true position of the Canaries was 
not, till very lately, determined ; and it must surely 
be injudicious to* make the first meridian pass 
over a place whose situation is but imperfectly 
known. Let us, therefore, follow our countrymen, 
and, without regarding the practice of other nations, 
refer the longitude of different places to the ineri- 
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dian of London. This meridian, which, in the pre-^ 
ceding figure, is represented by the line SK, and 
may now be called the first, cuts the equator in 
two opposite points, at the distance of 1 80 degrees 
each way ; and as the equator is the boundary 
which separates the northern hemisphere from the 
southeroi so this circle may be considered as the 
boundary which separates the eastern hemisphere 
from the western. 

The relation between these two circles is, also, 
still fartlier observable : for as the latitude of any 
pkce is its meridional distance from the equator, 
so the longitude of any place is its equatorial dis- 
tance from the first meridian. If the place lies in 
the eastern hemisphere, it is said to have east Ion** 
gitude ; and if it lies in. the western hemisphere, it 
is said to have west longitude ; the longitude of 
any place being greater or less, according to its 
east or west distance from the first meridian. But, 
in order to obtain a true estimate of this distance, 
we must conceive a meridian to be drawn through 
the place proposed, and then, by reckoning how 
many degrees of the equator are contained between 
this and the first n^eridian, we shall be enabled to 
judge of the situation of the place with respect to 
its longitude. 

This method is, however, subject to some ambi* 
guities, which arise from considering the meridians 
as entire circles. Let us therefore consider them 
only as semicircles, drawn from one pole to the 
other, and all difficulties of this kind will be easily 
avoided. For, since the equator may now be di* 



158 LATITUDE AN1> LONGITUDE. [lET. IX. 

vided into 180 degreed each way from the first 
meridian, and none of these semicircles can inter* 
sect it in more points than one^ the method of 
reckoning the longitude will be perfectly clear and 
intelligible. If, for example, the meridian of any 
place Cuts the equator at twenty degrees distance 
from the first meridian, the longitude of that place 
will be twenty degrees, cast or west, according to 
its situation ; and so for any other place under the 
same meridian* Thus all places under the meri- 
dian CK have ten degrees of longitude, and those 
under bn, twenty degrees, and so on, for any other 
meridian whatever. 

From this consideration it is also evident, that 
the greatest longitude a place can have is 1 80 de« 
grees ; and that the longitude of any place lying| 
under the first meridian will be iK)thing. A great 
number of different places may also have the same 
longitude ; for if a meridian be supposed to be 
drawn through any point upon the globe, all places 
lying under that meridian, when referred to the 
equator, will be at an equal distance from the first 
meridian, and consequently their longitude must 
be the same, as I have before stated. It ^pears, 
therefore, that by knowing the longitude of a place 
only, we are not, from that circumstance alone, ablo 
to ascertain its exact situation, any more than we 
were from knowing the latitude only. We can tell 
under what meridian it lies, aad what is its equa« 
torial distance from the first meridian ; but some-^ 
thing more must be understood, before we can fix 
its precise position upon the globe. This know# 
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ledge is obtained, by finding both the meridian and 
the parallel of latitude that pass over the place 
under consideration ; in which case, the point where 
these two circles intersect each other will be the 
true situation of the place proposed. 

Thus, in order to ascertain the exact place on 
Ihe earth of any point, as p, we find first, that it 
lies in forty degrees of north latitude ; but this i« 
not sufficient ; as every place in the circle 40, 40 ; 
has also the same latitude. But if, besides this, 
we know that it lies under any particular degree of 
longitude, as for example, that of forty degrees 
we§jt; then iti^ exact position is determined, being in 
that point where the two circles cut each other. And 
m the same manner we may find the position of the 
point R, Krhich lies in thirty degrees north latitude, 
and twenty degrees east longitude ; and so on. 

But it is not the situation of towns and provinces 
bhly that we are so anxious to determine : to apply 
these principles to the purposes of navigation, is a 
matter of still greater importance. In travelling 
by land, we are subject to few inconveniencieii ; but 
the calls of ambition, business and pleasure, have 
exposed men to new dangers. When tl>e discovery 
of the compass invited the voyager to quit the con- 
solatory sight of his native shore, and to venture 
himself upon an unknown ocean, that knowledge, 
Ti^hich he might have thought but of little conse-^ 
quence before, became now a matter of absolute 
necessity. Floating in a frail vessel, upon an un** 
certain abyss^ he has consigned himself to the 
mercy of the winds and waves^ and knows n<^ 
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where he is : an uniform simultaneous plane, and 
an uninterrupted horizon, is all that be sees around 
him. The compass will direct him in his course, 
but it shows him neither the coasts he has left he- 
hindy nor those he endeavours to find. 

In this situation of danger and distress^ paving 
no other resource, he applies to the heavens for 
assistance : the same stars, which he saw in his na« 
tive country, are still visible in the firmameqt, and 
these are his only guides. Being fixed and im- 
moveable, their situations are known; and rules 
have been derived from this property, which will 
enable him to find the latitude of the place at which 
he is arrived. But as many places have the same 
latitude, this only informs him that he is some« 
where in a certain circle which is parallel to the 
equator. To tell exactly in what part of this circlet 
be is, he must also find the difference of longitude, 
and determine the meridian which cuts the parallel 
in the place occupied by his vessel. 

The latitude of a place is easily discovered, but 
the longitude is a subject of the utmost difficulty i, 
Many methods have been devised for this purpose, 
which are sufficiently accurate upon land ; but at 
sea, where precision is most wanted, they are least 
to be depended upon. The problem is so intimate-^ 
ly connected with tra;de and commerce, that princely 
rewards have been offered for an easy and accu«> 
rate solution of it. By an act of parliament, passed 
in the year 1714, the English government offered 
80,000 pounds reward to any person who should 
discover a method for finding the longitude of places. 



LIT. IX.] LATITUDE AND LONGITUDE. 141 

at seai within thirty miles, or half a degree of a 
great circle : 15,000 pounds if it caihe within two- 
thirds of a degree, and 10,000 pounds if it came 
only within a degree of the truth. Such a liberal 
encouragement induced the learned, of all nations, 
to attempt this important discovery, which now be- 
came doubly interesting, both by the honour and 
profit'which attended it. 

I shall not perplex you with a long detail of all 
the methods invented by astronomers for this pur- 
pose, as they are frequently involved in abstruse 
calculations, which you would find both tedious 
and unintelligible. A general idea will be best ob- 
tained by considering those only, which are the 
most simple and easy ; and if these be properly 
understood, it will not be difficult for you to com- 
prehend the principles upon which they are all 
founded. Disregarding, therefore, alt* minute par- 
ticulars, we will first begin with the latitude, and 
show the means which have been used to discover 
the distances of places from the equator. 

In this enquiry, the first methbd that suggests 
itself, is that of finding the height of the pole. For 
as this point is immoveable in the heavens, and is 
found to be elevated or depressed according as we 
are farther from, or nearer to, the equator, it af* 
fords, by this means, a criterion by which we can 
judge of our distance from that circle. Supposing 
ourselves, therefore, to be in the northern hemis- 
phere, we will take this point for our guide, and 
endeavour to find the latitude of the place. The 
dtar^ usually called the north pole star, is not 
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exactly in. the nortb point of the heavena : but, for 
the sake of illufitratiag the subject, we wiU $uppos«e 
that it is, and 3ee what will follow from it3 having 
this situation, 

IrfCt N3, (PI. IV, fig. 9.) tberefwe, be the axis of 
the earth, prod uced to the polar star p ; £a the 
equator, and % the zenith, or place of observation i 
then, since zo, the distance of the zenith from 
the horizon, b ninety degrees ; and ne, the dis- 
tance of the pole froip the equatior, is aUo ninety 
degrees; the arc o% will con^quently be equal to 
the arc N)s; wd if the arc nz, whioh is cominoii 
tp tbe9) both, be taken away, the remainder 
oir, will be equal to the remainder ze: but o if 
is the height of the pole above the horizon, 
and %% \% the latitude of the place, pr its dis^ 
toPCe from the equator; and therefore, if the 
height of the pole above the horissoo be takeo by 
means of a quadrant, or asy other instrumeat 
proper for the purpose, it^will evideatly give the 
latitude of the place where the observation wa$ 
ii^ade. Thus, the height of the north pole at 
XiOndon is found to be about fifty-onc degrees^ 
thirty- two minutes ; and therefore this 13 the latir 
tude of the place, or its distance north from the 
equator. (A) 



(A) The only thing thftt eaq Btund ia aeed of fiirtber aiuB?* 
tration on this head is> th^t it may not a|^ear, at iSi^t 6l^bt» 
bow a person standing on the surface of the earth at z, c^n 
measure the angle nco at the centre^ or the altitude 
of the polar star 01^5 but this seeming difficulty vanishe:^, 
wh«n we consider the immense distaoco.of this.fix«d jt2M%» t» 
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.But as the pole star is not exactly in the north 
point of the heavens, let some other star be taken 
ii^hich is about eight or nine degrees frpin that 
point ; and find, with a quadrant, its greatest aod 
\eA%t altitude, in the same tncuiner as before* 
Then, as tluB star moves in a small circle round 
the pole, which it describes in about 24 hours, it 
is evident that, if the least of the two altitudes be 
added to half their difference, it will give the height 
of the pole, or the latitude of the place required* 
For, let b and a (PI. iv. fig. 9*) be the two posi*- 
tions of the star at its greatest and least altitudes^ 
and N the true north point of the world ; then, sinc^ 
b and a are diametrically opposite to each other, 
and N is exactly in the middle between them, it is 
plain that if o a, the least altitude, be added ioa^, 
half the difference of the altitudes, it will give on, 
the height of the pole above the horizon ; which, as 
was before shown, is equal to z £, the latitude of 
the place of observation. 

This method, however, is liable to some except 
tions ; and as the same thing may be done by taking 
only a single altitude of the sun or a star, when it 
is upon the meridian, it is usually preferred in. 
practice to the former. The problem admits of 
several cases, according to the situation of the ob- 
suerver : but as they are all equally easy, an expla- 
nation of one of them, will be a sufficient elucida* 

■ — ■ — -- MTi r < ii»in r - - — - 

which the radius of this earth is a mere point; and consequ^it- 
ly, the angle of elevation at x, will be the same as at c ; he* 
caTisc if a line zp be drawn fh>m z to p> it will be so nearly 
parallel to cr, at to occamo no sensibly error. 
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tion of the whole. Suppose tben^ a spectator at z 
(PL IV. fig. 10 ) to observe the sun, at noon, over 
the point s, and to find, with a quadrant, bis meri- 
dian altitude hs ; then, if this altitude be taken 
from HZ, or ninety degree3, it will give the zenith 
distance zs; and the zenith distance zs, being 
added to the declination of the sun s£, will be the 
latitude of the place required. (i) 

The sun's declination, is his distance north or 
south from the equator ; and as this may be found 
in the Nautical Almanac, ready computed for the 
noon of every day in the year, the latitude may 
always be easily obtained from it. Thus, for ex-^ 
ample, suppose that at some unknown place in the 
Western Ocean, the sun's meridian altitude was 
observed to be forty-four degrees fifty-one minutes, 
and that his declination, as found in the tables, was 
six degrees twenty-three minutes north ; then, by 
taking forty-four degrees fifty-one minutes from 
ninety -degrees, the difference, which is forty-five 
degrees nine minutes, is the distance of the sun 
from the zenith; and this being added to six de-^ 
grees twenty-three minutes, the sun's declination, 
gives fifty-one degrees thirty-two minutes for the 
latitude required ; which shows the place, in this 
instance, to be upon the same parallel with Lon- 
don. And if any remarkable fixed star be taken 

instead of the sun, the latitude may be found from 

— ' I ' ... 

(«) Supposing a line to be drawn from z to the sun, the 
difference between taking the elevation of the sun from the 
centre of the eactb, or from its surface, will be insensible, for 
a similar reason to that jfnentioned in the last note. 
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its declination and altitude, in exactly the same 
manner. 

These are the most popular methods of finding 
the latitude ; and as what has been said upon them 
is sufficient to give you a general idea of the sub- 
ject, I shall now proceed to the longitude, and en- 
deavour to show that this may be obtained, to a 
certain degree of exactness, in nearly as easy a 
manner as the former. In departing from any 
place, whose situation is known, we have only to 
find the direction we travel in, by means of the 
compass, and to measure the distance passed over, 
by the log, which is an instrument us«d at sea for 
that purpose ; and both the. latitude and longitude 
of the place arrived at, may be determined by a 
map^ or chart as follows : 

Suppose a vessel departs from a place, whose 
latitude is fifty- seven degrees twenty minutes north, 
and longitude sixteen degrees east, and that it pro- 
ceeds in an east-south-east direction 100 leagues : 
then, in order to determine the situation of the place 
' at which it is arrived, take a map, or plane chart, 
such as is represented in PI. iv. fig. ii., in which 
find the place l, that the ship departed from; 
and draw the right line lm, making the same angle 
with the meridian, east-south-east, as was shown 
by the compass ; and on this line set off the dis- 
tance 100 leagues from l to m, taken from the 
scale in the figure, and m will represent, on the 
chart, the situation of the place required; which 
Appears^ by inspection, to be in latitude fifty-fi^ve 

L 
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degrees twenty* five minutes north, and longitude 
about twenty-four degrees thirty minutes east. 

In this example, where the distance run, for 
the sake of perspicuity, is taken larger thian can 
usually happen, it is supposed that the vessel pre^ 
serves an uniform course through the whole of her 
Toytige : but the same method tvill hold when sh# 
varies that direction ; for if a similar operation be 
performed at everychange, and her situation be 
constantly found in the chart as before, her course 
er direction may be treiced, by these means, from 
one place to another, till she arrives at the place 
proposed. This method, however, tiotwithstand* 
ing its being frequently Used by mariners, is liable 
to many bbvious objections : few charts ^re pro- 
perly constructed ; and, besides the errors which 
will necessdrily arise in estinlating the course and 
distance, tempests and unknown currents in the 
ocean, may occasion such irregularities as will 
render it utterly impossible to ascertain the situa« 
tion of the vesi^el w ith any degree of precision. Sd 
that, before any estimation of this kind can be de* 
pended upon, it must be corrected, from time to 
tinoe, by astronomical observations. 

This method of sailing by the stars, as it is fre* 
quently called, may be traced back as far as the 
time of Homer, and was probably used at a still 
earlier period ; but from the account which he has 
given us, of the departure of Ulysses from the 
island of Cftlypso, it has been inferred, that his 
knowledge of astronomy must have been very im- 
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perfect, since he describes the constellation of the 
great Bear as never setting, which is pnly the case 
in certain latitudes. 

** Plac'd at the bdm he sat, and mark*d tlie skiei. 
Nor clos'd in sleep his ever watchful eyes. 
There view*d the Pleiads^aqd the Northern te^japi. 
And great Orion's more refulgent beam, 
To which, around the axle of the sky. 
The Bear revolving, points his golden eye.; 
Who shines exalted on th' etherial plain. 
Nor bathei his blazing forehead in the main." 
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LETTER X. 

I 

THE SAME SUBJECT CONTINUED. 

Another method for finding the longitude of 
places, is by means of a chronometer, or an instru- 
ment for measuring time. This excellent machine, 
so useful in the common affairs of life, is capable of 
affording us information upon subjects which seem 
to have little or no connection with it ; but genius 
and industry find analogies where vulgar appre- 
hension is blind. If a watch or clock could be so 
constructed, as to measure time with accuracy and 
precision, at all seasons, and in all places, such an 
instrument might be used to discover the longi- 
tude with the greatest ease and facility. 

To illustrate this subject, we must consider the 
manner in which time is estinoiated. When the sun, 
in his apparent daily course round the earth, 
comes over any particular meridian, it is then twelve 
o*clock, or noon, at all places which lie under that 
meridian ; but at all other places, it is either be- 
fore noon, or after noon, according to their situa- 
tion. The sun, moving from east to west, must 
pass over the meridian nbs before he comes to the 
meridian nas (PI. iv. fig. 12.); and consequently, 
vvhen.it is noon to the inhabitants who live under 
the meridian nbs, it will be some time before noon 
to the inhabitants who live under the meridian 
NAS. And, on the contrary, when it is noon at 
those places which are situated under the meridian 
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N A s, it will be some time after noon to the placet 
which are situated under the meridian nbs. 

But as the sun appears to move uniformly round 
the earth, and to describe a circle, which contains 
360 degrees, in twenty- four hours, he will of course 
move through an arc of fifteen degrees in an hour. 
When it is noon, therefore, at London, and at all 
other places which lie under the same meridian, it 
will be one o'clock in the afternoon at those places 
which lie under the meridian fifteen degrees to the 
east of that of London ; and eleven o'clock iii the 
morning, at all those places which lie under the 
meridian fifteen degrees to the west of that of Lon* 
don. If the distance of the meridians be thirty 
degrees, it will make two hours difference in the 
time ; if forty-five degrees, three hours ; and so on, 
reckoning according to the situation of the places. 

To make this matter still plainer, let us consider 
the situation of any two particular places ; for in- 
stance, that of London and Paris. The meridian 
of Paris is two degrees twenty minutes east of the 
meridian of London ; and this difference, reckon- 
ing after the rate of fifteen degrees to an hour, is 
nine minutes and twenty seconds of time. When 
it is noon at London, therefore, it will be nine 
minutes and twenty seconds after. noon at Paris; 
and on the contrary, when it is twelve o'clock at 
Paris, it will be only fifty minutes and forty seconds 
after eleven at London : so that the clocks at Lon- 
don, ought to be slower than those at Paris by nine 
minutes and twenty seconds. In like manner, the 
meridian of New York, in North America, being 
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8eventy*four degrees nine minotea and forty-five 
seconds west of that of London, the dtfierence of 
time at those places will be four hours fifty^six 
minutes and thirty-nine seconds ; so that when it 
is noon at London, it is only three minutes and 
twenty-one seconds after seveq o'clock in the morn*^ 
ing at New York. 

From these circumstances you will readily ob* 
serve, that as places differ in longitude, or are si- 
tuated under different meridians, so the clocks and 
watches of those places, supposing them to be tvell 
regulated, will show different hours at the same 
moment of absolute time ; a difference of fifteen 
degrees in longitude, always producing a difference 
of an hour in the time shown by those machines. 
Knowing, therefore, the difference of time between 
two clocks, or watches, well regulated, at different ' 
places^ it will be easy to find the difference of lonr 
gitude of those places, by reckoning after the rate 
of fifteen degrees for every hour, and a quarter of' 
a degree for every minute. 

The difference of time shown by the dcxrks ancf 
watches of different places^ will not appear in' the . 
least surprising, when you consider, that whilst it 
is noon with us, there are countries towards the 
east, where the sun is just setting; and others to* 
wards the west, where he is just rising ; so that it 
i!S evening with the one, and morning with the other^ 
at the. same instant of absolute time that it is mid^ * 
day with us. With our antipodes, or those who 
live directly opposite to us upon the globe, the dif- 
ference is still greater: it is noon with us, when it 
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is midaigbt tvith them^ and noon with them when it 
is midnight with us ; their time, as well as their si* 
tuation, heing always directly opposite to ours* 
These considerations will clear the subject from al- 
ambiguity, and you will now be able to perceive in 
what way a clock or watch may be used to discover 
the longitude. 

Suppose I had a watch of such excellent work- 
manship, that, being once regulated for that purr 
pose, it would always show me, in whatever part 
of the world I might be, the exact time which it 
was then at London ; by means of such a watch, 
I should be presently enabled to tell the longitude 
of the place I was in. For this purpose, I havo 
only to find when the sun comes to the meridian 
of the place, or, which is the same thing, when he 
is exactly south ; and as I then know it to be twelve 
o'clock at that place, the time thus found, being 
compared with the time shown by my watch, and 
the difference, turned into degrees and minutes, 
will give the longitude of the place required. 

To illustrate this by an example ; suppose I was 
at Petersburg in Russia, and wanted to find the 
longitude of that city from London. Not choos* 
ing to trust to the common account of time, as it is 
idbiown by the clocks and watches at Petersburg, I 
find wheti the sun comes to tlie meridian, and know 
It to be then exactly twelve o'clock at that place. 
At this moment I look at my watch, and find that, 
instead of its being twelve o'clock by that, it is 
only nine hours fifty- eight minutes and forty-three 
fiaconds. From this I conclude that, whep it is 
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noon at Petersburg, it is^ before noon at London, 
and that the difference is two hours one minute 
and seventeen seconds ; which, by allowing fifteen 
degrees to an hour, answers to thirty degrees nine- 
teen minutes and fifteen seconds. Since, there" 
fore, the longitude of every place is supposed to be 
reckoned from London, and the noon at Peters- 
burg is found to arrive sooner than the noon at 
London, I know the longitude of that city to be 
thirty degrees nineteen minutes and fifteen seconds 
east of London. 

Instead of being in a place whose situation is 
known, suppose I was upon the ocean, near the 
coast of some country whose name I wanted to 
discover, I determine the moment when it is 
noon, in the same manner as before, and looking 
at my watch, I find it to be five hours seven mi- 
nutes* and two seconds in the afternoon, at Lon- 
don ; from which I conclude, by allowing fifteen 
degrees to an hour, that I am in a place whose 
longitude is seventy-six degrees forty-five minutes 
and a half west of London. By this means I know 
precisely the meridian I am under ; but I am yet 
uncertain what particular part of that meridian it 
is. To discover this, I find, by observing the 
height of the sun at noon, that the latitude of the 
place is eighteen degrees north of the equator ; and 
' by looking into a map of chart, I find that the 
place, having this latitude and longitude, is Port 
Royal in Jamaica, which is therefore the coast 
upon which I am arrived. 

In this easy manner the longitude of all other 
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places might be discovered, provided the time- 
keeper, or watch, was subject to no irregularities, 
but always showed the time exactly as it would be 
found at London, at the instant of observation. 
This kind of accuracy, however, is what we cannot 
reasonably hope to obtain ; since every mechlani- 
call instrument, to what degree of perfection soever 
it may be brought, must be subject to injuries 
from various causes. The irregular motions of a 
ship at sea, and the different temperature of the 
atmosphere in different climates, must, in particur 
lar, affect it considerably, and occasion errors which 
seem to admit of no adequate remedy. 

It must be observed, however, that a great deal 
. more has been done in this way than could possir 
bly have been expected. That excellent artist, 
Mr. John Harrison, considered the subject with an 
indefatigable and unwearied attention; and his in- 
ventions for removing the im|)erfections to which 
clock-work in general is liable, appeared to the 
commissioners of longitude so deserving of en- 
couragement, that they allowed him several consi- 
derable gratuities, to enable him to bring his ideas 
to perfection. From a trial of his watch, made in 
the years 1761 and 1762, in a voyage to Jamaica, 
it was found to have erred only one minute and 
fifty- four seconds in about five months ; and in an^ 
other voyage to Barbadoes, the mean daily errer 
was about two seconds and a half; for which dis- 
covery, as it came within the meaning of the act, 
the commissioners ordered him the sum of 10,000/. 
And some time afterwards^ in consequence of bis 
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explaining the piinciples of his time^keepers, in 
such a manner as to enable others to make tliem 
with the same accuracy, he received tlie remaining 
moiety of the parliamentary reward* 

Whilst Mr. Harrison was prosecuting this sub- 
ject in England, Messrs Le Roy, Berthoud> &c,. 
were engaged in the saooe pursuit in France ; and 
several time-pieces were accordingly executed by 
them, which were found to merit the highest com^ 
mendations. Messrs. Arnold, Kendall, MudgeEm^ 
shaw, and other eminent English artists, have also 
made great improvements in this useful art; and fur- 
nished a number of excellent chronometers, which 
are now held in universal esteem. By a new act, 
however, which wa^ made in the year 1774, the 
greatest reward which can now be obtained for die 
discovery of the longitude, either by this, or any 
other method, is 10,000/. and all time-pieces, which 
are offered for this purpose, in future, are enjoined 
a more rigorous trial. 

If a watcl>, or time- keeper, like those above»- 
mentioned, cannot be procured, we hav« another 
method for finding the longitude of places, afford/- 
ed us by eclipses of the moon. For since the moon 
has no light but what she receives from the sun, 
and the earth at those times is interposed between 
them, she must, of course, be deprived of that light, 
and become obscure. And as this obscurity is al- 
ways real, arising from her being an opaque body, 
it is plain that the phaenomenon may be seen from 
every part of the earth, where the amoon is above 
the horizon of tlie place at the time the eclipse 
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happens. ThiS| therefore, is precisely the thing 
wanted ; since any appearance that can be observed 
at two distant places, at the same moment of abso- 
lute time, will enable us to compare the time as it 
is reckoned at those places, and, by that means, to 
find the meridians under which they are situated. 

The moment when the moon begins to be ob- 
scured, by entering into the earth's shadow, is called 
the beginning of the eclipse ; and the moment when 
, she leaves the shadow, the end. Hence if each of 
these be properly observed, and a mean be taken 
between them, this mean time is called the middle 
of the eclipse. The moon is sometimes entirely 
hid by the earth's shadow, and is then quite invi- 
dble. This is a total eclipse of the moon ; and, in 
this case, the moment when she begins to disap- 
pear, is called the beginning of total darkness; and 
the moment when she begins to appear again, the 
end. But when only a part of the moon is ob- 
scured, the eclipse is called a partial one ; and we 
have then only to observe when it begins and ends. 
It is also to be remarked, that these eclipses happen 
only about the time of the full moon, and even then 
. not often. 

From these circumstances it will readily appear, 
that if an eclipse of the moon be observed at any 
two places which lie under the same meridian, the 
clocks of those places^ supposing them to be per- 
fectly true, will show either the beginning or the 
fend of the eclipse at the same time ; but if the two 
places lie under different meridians, the clocks of 
those places will show the beginning or end to be 
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at different times, according to their situations. An 
eclipse of the moon, therefore, being observed from 
any two places whatever, will furnish us with the 
means of discovering the longitude of those places. 
If, for instance, the time-pieces of one place, show 
the beginning of the eclipse to be at twelve o'clock, 
and the time-pieces of the other, atone, the diffe- 
rence of longitude between these two places will 
evidently be fifteen degrees ; and so on, in the same 
proportion. 

It will be necessary to remark, however, that 
these observations jiiust be compared with those 
. made at a place whose longitude is known, before 
we can determine the meridian under which. we arc 
situated. So that if I am upon some unknown 
part of the globe, the longitude of which I am de- 
sirous of discovering, and have an opportunity of 
making observations on an eclipse of the moon, 
these observations will be of no service to me, un- 
less I can compare them with those made at Lon- 
don, or some other place whose situation is known. 
Some farther assistance is therefore requisite ; for 
if I am obliged to wait till I return to London, it 
would not answer my purpose, as I want to inform 
myself upon the spot. 

To obtain this information, we must have re- 
course to the theory of the moon, which is now so 
well understood, that we are not only able tofore- 
tel all the lunar eclipses that will happen in any 
given time, but can also calculate the beginning 
^nd end of those. eclipses to the greatest degree of 
precision. Ii> most of our common almanacs, they 
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may be found according to the time at which they 
tvill happen at London; and in some other per- 
formances of this kind, they are computed for se- 
Teral years to come. In order^ therefore, to find 
the longitude of any unknown place, in which I may 
happen to be, I have only to provide myself with 
one of these almanacs ; and by comparing the time 
of the beginning or end of an eclipse, with the time 
as it is calculated for London, I can immediately 
find the diff^ence between the meridian of London 
and that under which I am situated. 

This method is, however, subject to several ob- 
Jections. Eclipses of the moon happen too seldom^ 
to be of any great service at sea ; and, therefore, 
as the mariner is almost constantly in want of in* 
formation, he must make use of some other means 
for obtaining it. Besides this, the beginning and 
end of an eclipse cannot be distinguished w ith suf* 
ficient exactness to be fully relied upon by the 
navigator; for as they arrive almost insensibly, it 
frequently happens, that we cannot be sureof hav 
ing obtained the true time, to within less than two 
or three minutes. But as the error must be nearly 
the same for the beginning as the end, it may, in 
some measure, be avoided, by taking the mean time 
between the two observations, and comparing it 
with that shown by the almanac. 

Eclipses of the sun, and occultations of the fixed 
stars, may likewise be employed for detennining 
the longitude of places ; but in a different manner 
from those of the moon, and by means of calcula- 
tions that arc too difficult and perplexing to admit 
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of a-familiar explanation. The reason of which ia, 
that the sun is subject to no real deprivation of his 
light, but is only partially obscured by the interpo- 
sition of the moon, which being now between the 
sun and the earth, prevents his rays from reaching 
IIS as at other times. The moon, likewise, appears 
to obscure the sun only to the inhabitants of some 
particular places, so that a sdtar eclipse may fre- 
quently be observed at London, while at Paris there 
is not the least indication of such a phsenomenoa. 
On the contrary, the moon is really deprived of her 
li^t, by the interposition of the earth, and, conse- 
quently, all appearance of this kind, may be seen 
at all places, where the moon is above the horizon 
at the time the eclipse happens. 

From what has been said, you will easily per- 
ceive, that if any other of the celestial bodies were, 
from time to time, really deprived x)f their Hght, 
they might be employed to determine the longi- 
tude of places with the same success as eclipses 
of the moon. The satellites of Jupiter are bodies 
of this kind, whose eclipses afford us more frequent 
means of information than those of the moon : they 
pass so often into the shadow of that planet, that 
there is scarcely a night in which one or other of 
them is not eclipsed ; and as they appear and dis- 
appear almost instantaneously, the time of the 
phflsnomenon, by means of a good telescope, may 
be much more accurately observed. The first and 
second satellites are esteemed the best for this pur- 
pose ; for, besides that their theories are more ac- 
curately settled, they are quicker in theiir motions 
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than either of the rest, and will, therefore, be more 
frequently eclipsed* 

Jupiter, as I have already informed you, hz$ 
four satellites, or moons, which revolre round him 
in different orbits, in the same manner as the moon 
revolves round the earth. A simple inspection oi 
PL I v. fig. 13. will give you a perfect idea of the 
manner in which these satellites are eclipsed, s 
represents the sun, j Jupit^, ss his shadow, and 
1 , 2, 3, 4, the satellites, according to the order in 
which they move. When either of them enters 
into the shadow ss, it becomes immediately invisi*' 
ble ; and the moment when it disappears, is called 
the immersion of that satellite. After being for some 
time totally hid fiom our tighti it again instantly 
appears on the contrary side of the shadow ; and 
the moment when it becomes visible, is called the 
emersion of the satellite. 

The immersions and emersions are both equally 
proper for determining the longitude ; for as the 
appearances are the same at all places, where Jo^ 
piter is at a sufficient height above the hcnrizon, the 
difference of time shown by the clocks and watches 
of those places, at the moment when either of these 
appearances are observed, will show the meridians 
under which they are situated. We have tables, 
ready calculated, to show the time when these 
eclipses will happen^ for the meridian of Green- 
wich, to a great degree of precision. Suppose 
now, an observer, who is provided with these 
tables, a good telescope, and a well regulated clock, 
has an opportunity of observing either the begin- 
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ning or end of an eclipse of one of Jupiter's moons, 
from any part of the earth, where he may happen 
to be ; he has only to note the precise time, at that 
place, when the satellite immerges into, or emerges 
out of Jupiter's shadow, and this time compared 
with that which is shown by the tables for Green- 
wich, will give the longitude required. 

These eclipses are very convenient for finding 
the longitude at land, because they happen almost 
every day when Jupiter is visible ; but unfor- 
tunately they are but; of little use at sea, where a 
knowledge of this kind is most wanted ; the rolling 
of the ship rendering it impossible to make nice 
telescopical observations with any degree of accu- 
racy. If we could see the satellites of Jupiter 
with the naked eye, aiS well as we can the moon, 
the method would be attended with no dijfficulty ; it 
might be practised by any common sailor on board, 
and the longitude would then be found with nearly 
as much ease and certainty as the latitude. We 
have several methods for finding the apparent time 
at any place by celestial observations ; and if a good 
pocket watch be previously regulated by these 
means, the difference between the time when the 
phasnomenon happens, as shown by the watch, and 
the time as shown by the tables, being converted 
into degrees, by allowing fifteen to an hour, will 
give the longitude of the place from London. 

Several attempts have been made to adapt tele- 
scopes to the purposes of marine observations, but 
they have all hitherto failed of success ; and there 
is rea^son to fear, that the obstacles which stand in 
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the way of this improvement are such as cannot 
be removed. One of the methods which have been 
proposed for rendering the use of the telescope, 
easy on board a ship, is by fixing a chair in such 
a manner that it shall not be agitated by the mo- 
tions of the vessel ; and if this could be accom-- 
plishedy it would then be as easy to observe an 
eclipse. at sea as at land. The late ingenious Mr. 
Irwin, contrived a machine of this kind, and laid 
claim to the parliamentary reward offered for the 
discovery of the longitude ; but as it was judged to 
be defective, bis hopes were disappointed, jand his 
iavention of course neglected. 

Such are the difficulties with which this important 
subject is perplexed and embarrassed, • that all the 
resources of art and genius have hitherto been in-- 
effectual to remove them. By applying to the 
heavens, however, we have another method afforded 
us, which, although it be attended with some dif^ 
Acuities, is that in which astronomers at present 
have the greatest confidence, and hopes of success. 
This method is likewise derived from observations 
on the moon, not when she is eclipsed, but at any 
time whatever, when she is visible above the hori-^ 
zon of the place where the observations are to be 
made. Eclipses of the moon happen too seldom 
to. be of any great service at sea, and the planet 
Jupiter is, for a great part of the year, invisible j 
but the moon is almost continually offering herself 
to our view. This method, therefore, appears to 
be better adapted to general use than any that has 
)tet been discovered. 

M 
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The mooD rises about three quarters of an hour 
later every day than upon the precedmg one ; and 
as she changes her place consider^y, from day to 
day, among the stars, these changes become proper 
for determinmg the longitude. If, hr instance, tfa^ 
moon be observed to-day to be near any fixed star, 
she will appear to-morrow, at the same hoar^ to 
be at a considerable distance fipm it, towards the 
east ; aftd, therefore, thb motion, which, in some 
cases, is more than fifteen degrees in a day, will 
serve to mark any small portions of correspondent 
time with sufficient exactness. Now if the dis^ 
tance of the moon from any fixed star, together 
with the exact time, be observed at sea, and the 
time when it has the same distance be computed 
for the meridian of Greenwich, the di&rence be- 
tween the computed time and the observed time, 
being turned into degrees, mmutes, &c. will give 
the d^erence of longitude required. 

In the Nautical Almanac, a work printed under 
the authority of the commissioners of loi^tude, 
for the purpose of facilitating^astronomical compur 
tations, the distances of the meon from the sun, 
and from certain fixed stars, are ready computed 
for every day at noon, and every three hours after- 
wards, for the meridian of Greenwich ; with a rule 
for finding the time, answering to any given dis^ 
tance whatever. Suppose now, that I am al; sea, 
and want to find the longitude of the place I am in.- 
I choose some remark^^ fixed star, whose name 
and situation is known, and find, with a qiuadraDt, 
the angular distance between tba.t stir aa^ tbe 
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moon ; and by a watdb, prerioualy regdkiited for 
that purpose, the exact titne wfa«ti the obsftrvatioti 
was made. This being done, I look mto the alma- 
nae, and find what time it id at Greenvrich vt^hen 
the moot) and star have the same distance ; and this' 
time, beiog compared widh the timie of observatiofiy 
wiU^ by allowing fifteen degrees to an hour, give 
the loagitude of the place required. 

The mmties and places of 6ome of the brighter fixed 
stars, are to be found in a work entitled, *^ Tables re- 
quisite to be used with the Nautical Almanac/' to- 
getbar with the methods made uae of for ckumnmg 
dieir true distances from the moon at the tidoe of 
observation. For it is to be noted, that the dni^ 
tance found by tlie quadrant, is not that which is to 
be used ki determimng the lon^tu^e, but the dia^ 
tance as it wouki appear to a spectator placed at 
the earth's centre. This is the ditrtamce a$ it is coo^ 
puted ibr Greenwich ; and in order that they may 
agree, it must be delermmed m the sa^me Bianmei' 
for the place of observ^adon^ The necessity of these 
operal^kxis will be solEBcienlly obvious, frova the 
coni^deration of the earth's being a globe ; but as 
the caleulationa upour which they depend, are de^ 
duced from the principles of spherical trigonome-' 
try, they can only be understood by those who have 
m knowle<%e of that subject. 

This last method of finding the lon^ude, which 
ia founded upon observations of the moon, is, by 
the general consent of astronomers, the best that 
bos yet been discovered* And though it may not 
be easily practised by every Common mariner, yet 

M g. 
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to a person of skill and abilities^ the time and la* 
bour it requires are the principal objections against 
it But as the success of any method, must de- 
pend upon the accuracy with which it can be prac-* 
tisedy it may not be amiss to give you some idea of 
the degree of precision that we may hope to ob- 
tain in finding the longitude from lunar obserra^ 
tions ; or, which is the same thing, by taking the 
distance between the sun and moon, or between 
the moon and some remarkable fixed star. 

In the first place then it may be observed, that 
the moon's daily motion in her orbit being about 
thirteen degrees, her hourly mean motion is about 
half a degree^ or one minute of a degree in two 
minutes of time ; so that if an error of one minute 
be committed in calculating the place of the moon, 
it will produce an error of two minutes in time, or 
half a degree of longitude. If the motion of the 
moon was more rapid than it is, it would afford us 
the means of attaining a still greater degree of per^. 
fection ; and, on the contrary, if her motion was 
slower, so that we could scarcely discern her 
change of place from one day to another, we could 
receive no advantage from it in discovering the 
longitude. 

It was not till within half a century past, that 
astronomers were able to calculate the place of the 
moon to within less than six or seven minutes of 
the truth ; which error was so considerable, that 
DO use could be made of lunar observations in dis- 
covering the longitude, either at sea or land. Sir 
Isaac Newton was the first who discovered tb0 
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true cause of the inequalities in the moon's motion, 
vrhich before his time were considered as inexpli- 
cable ; and from the theory he has laid down, lunar 
tables are now computed with such extreme accu* 
racy, that the place of the moon may be determined 
in any part of her orbit, to within less than a mi- 
nute of the truth.(Ar) 

But, besides the error here noted, several others 
will be apt to arise from the instrument and the 
observations. The most experienced observer 
cannot be sure that he has obtained the true lunar 
distance to within less than half a minute of the 
truth at least, and this, joined to the former one, 
will produce in the whole a mistake of three mi- 
nutes in time, which is equivalent to three quarters 
of a degree of longitude. It will, however, con- 
duce to a still greater degree of accuracy, if the 
itioon's distance be taken from two stars, or from 
the sun and a star on each side of her, as often 
as opportunity permits; for as the imperfec- 
tions of the instrument, as well as unavoidable 
small errors which attend the use of it, have a na- 
tural tendency to correct each other, the mean re* 
suit, arising from these different observations, will 
generally be much nearer the truth than if either of 
them be taken separately* 

This method of determining the longitude, by 



{k) The most accurate tables of this kind are those of Bourg, 
published at Paris under the direction of the board of longi- 
tude> and since in English by professor Vince^ in vol. iv. of 
his Astronomy. 
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means of the moon's distq^ice from the ami fio4 
certain fixed stars, was first reeooamended, £enr its 
superior excellence, by tbe celebrated Dr. Halley, 
and bas siace been adopted by all the most eminent 
astronomers in Europe. The perfection, however, 
to which it is now arrived, is, in a great measure^ 
owing to the exertions of Dr. Maskelyne, tbe late. 
Astronomer Royal, to whom we are indebted for 
the publication of the Nautical Almaimc, tbe Re- 
quisite Tables, and several other useful perform* 
ances, which have been foupd of the utmost service 
to navigation* 
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LETTER XI. 

f09 THE DITPEKENT LENGTHS OF BAYS AND NIGHTS, 
AND THE TfCISSITUDSS OP THE SEASONS. 

Natur£ is always grand in her designs, but frugal 
in the execution of them : sublimity and simplicity 
are the striking characteristics of her operations. 
From a few simple principles she produces the 
most astonishing effects, and charms us no.less by 
the infinite diversity of her operations, than by the 
skill and contrivance which are manifested in the 
performance of them. The sun, moon, planets 
and stars, are all governed by the same invariable 
laws ; the single principle of gravitation pervades 
the whole universe, and puts every spring and 
wheel of it in motion. From the indiscernible 
atom, to the vast and immeasurable luminaries of 
heaven, every thing is subject to its dominating in- 
fluence; and from this active, invisible, and invi- 
gorating agent, proceeds all that order, harmony, 
beauty and variety, which so eminently distin* 
guishes the works of creation. 

But of all the effects resulting from this admir- 
able scene of things, nothing can be more pleasing 
and agreeable to a philosophic mind, than the aU 
ternate succession of day and liight, and the regu- 
lar return of the seasons. 



'" Sweet is the Inrcath of monij 



And sweet the coming on of grateful evening mild.'' 

When the sun iir»t appears in the horizqn, all n»- 
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I 

/ 

ture is animated by his presence ; the magnificent 
theatre of the universe opens gradually to our 
view, and every object around us excites ideas of 
pleasure, admiration and wonder. After ^' riding 
in all his brightness" through the vault of heaven, 
he is agajn hid from our sight, and we are now 
presented with ^ new spectacle of equal grandeur 
and sublimity. The heavens are on a sudden 
covered with innumerable stars; ^' the moon rising 
in clouded majesty, unveils her peerless light;** 
whilst the silent solemnity of the scene, fills the 
mind with sentiments ^nd ideas beyond the power 
of language to express. 

Variety is the source of every pleasure ; and the 
bountiful Author of nature, in the magnificent dis- 
play of his wisdom and power, has afforded U3 
every possible means of entertainment and instruc- 
tion. What a pleasing succession of scenes results 
from the gradual vicissitudes of the seasons ? Sum- 
mer, winter, spring and autumn, lead us insensi- 
bly through the varied cirple of the year; and are 
no less pleasing to the n^ind^ than necessary towards 
bringing to maturity the various productipns of the 
earth. Whether the sun flames in the solstice, or 
pours his mild effulgence from the equator, we 
equally rejoice in his presence, and bless that om« 
niscient Being who gave hitp his appointed course, 
and prescribed the bounds which he can never 
pass. 

These phsenomena depend upon the most simple 
and evident principles ; and as you will naturally 
be desirous of knowing in what way they are effect- 
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ed, I shall omit all further digressions, and pro- 
ceed immediately to the illustration of the subject. 
In the first place, then, it is to be observed, that the 
alternate succession of day and night is occasioned 
merely by the uniform rotation of the earth upon 
its axis. For, as the globe turns regularly round 
upon this imaginary line, once in every twenty-four 
hours, and only one half of it can be illuminated 
at a time, it is evident that any particular place 
will sometimes be turned towards the sun, and 
sometimes from it, and being constantly subject to 
these various positions, will enjoy a regular return 
of light and darkness ; as long as the place con- 
tinues in the enlightened hemisphere it will be day, 
and when, by the diurnal rotation of the earth, it is 
carried into the dark hemisphere, it will be night. 

The motion of the earth upon its axis, is from 
west to east; and this occasions an apparent mo* 
tion of the celestial bodies in a contrary direction. 
The sun, for instance, seems to make his daily pro<- 
gress through the heavens from the east towards 
the west ; but this is an optical delusion, arising 
from the opposite motion of the earth : for a spec* 
. tator being placed in any part of the dark hemi- 
sphere, M'ill, by the rotation of the earth upon its 
axis, be brought gradually into the enlightened 
one ; and as the sun first appears to him in the 
east, it will seem to ascend higher and higher to* 
wards the west, in proportion as the spectator 
moves in a contrary direction towards the east : so 
that whether the earth turns round upon its axis 
once in twenty-four hours, or whether the sun and 
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all the other celestial bodies, move round the 
earth in that time, the appearances will be exactly 
the same. 

Every planet, whose situation is such as to aA* 
mit of the necessary observations to be made on it, 
has been found to have a revolution Upon its axis ; 
and as this revolution is the cause of a constant 
succession of day and night to every part of their 
surfaces, so an inclination of the axis of any planet 
to the plane of its orbit, occasions the vicissitudes 
of the seasons. Thus, Jupiter, whose axis is nearly 
perpendicular to the plane of his orbit, has equal 
days and nights continually, from one pole to the 
other; their length beidg each four hours and 
twenty*eight minutes : but Venus, the Earth, and 
also Mars, according to the late discoveries of Dr« 
Herschel, having their axes inclined to the planes of 
their orbits, in an an^e considerably less than that 
of ninety degrees, are subject to an annual cbangp 
of their seasons, and to a great variety in the length 
of their days and nights. 

Afi only one half of the globe can be enlightened 
at a time, the circle which is the boundary of light 
and darkness may be called the terminator ; and it 
is evident, from a slight consideration of the sub-* 
ject, that if the axis of the earth was perpendicular 
to the plane of its orbit, the terminator would pass 
through the two poles, and divide each of the small 
circles, which are drawn parallel to the equator, 
into two equal parts. And as the uniform r(M»tion 
of the earth upon its axis, must occasion every 
|dace to describe equal parts of one of these parallel 
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circles in equal tiiiies, the days and nights would, of 
course, be equal all over the globe, except at the 
poles^ where the sun would neither rise nor set, but 
remain continually in the horizon. 

But, on the contrary, if the axis of the earth be 
inclined to the plane of its orbit, all the parallels, 
except the equator, will be divided by the termi* 
nator into two unequal partg, having a greater or 
less portion of their circumferences in the enlight- 
ened, than in the dark hemisphere, according to 
their respective situations on the globe, and the 
place of the earth in it» orbit So that those places 
situated in either hemisphere, which have their 
pole turned towards the sun, will have their days 
longer than their nights ; and on the contrary, those 
places which lie in the opposite hemisphere, will 
have their nights longer than their days.; whilst at 
the equator, the. days and nights will be continually 
equal to eaoh other. 

But since the axis of the earth always remains 
parallel to itself, when the earth is in the opposite 
point of its orbit, the contrary pole will be turned 
towards the sun, and the parallels will be still un^ 
equally divided by the terminator ; but the phaeno- 
mena will be directly the contrary ; all those places 
situated within the latter hemisphere, will now 
have their days longer than their nights, whilst 
those in the former will have their nights longer 
than their days ; the days and nights at the equator 
being equal to each other, the same as before. 
And, as the disiproportion is greatest in the higher 
latitudes, it is evident, that in either of these two 
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positioDs of the earth, all those places which lie 
about the poles, must enjoy either a constant day 
or a constant night, since the diurnal rotation of 
the earth never carries them into the opposite 
hemisphere. 

These observations being properly attended to, 
it will be easy to account for all the inequalities in 
the length of days and nights, and the change of 
seasons which arises from them. For this pur-, 
pose, let s (PI. V.) represent the. sun, abcd the 
earth's orbit, ns her axis, and the figures distin- 
guished by the months March, June, September 
and December, four different positions of the earth 
in her annual motion round the sun. Then, since 
it is known from observation, that the axis of the 
earth is always directed to nearly the' same fixed 
point in the heavens, it will constantly preserve 
the same position, and be always in a situation 
paralld to itself, in whatever part of its orbit the 
earth may be, in the course of its journey round 
the sun. 

Suppose now, the earth to be in the situation 
which is represented by the month March ; then, 
because a right line joining the centres of the sun 
and earth; will cut the surface of the earth in the 
equator, the terminator will pass through the two 
poles, and the days and nights will consequently 
be equal all over the globe. But when the earth, 
by its annual motion, is carried farther in its orbit 
towards a, the north pole n, of the axis, still con- 
tinuing to observe the same parallel situation, will 
advance into the enlightened hemisphere, and, in 
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the month of June, will be about twenty-three de- 
grees and a half distant from the terminator, the 
south pole being at the same dbtance in the dark 
hemisphere. In the month of June, therefore, the 
northern parts of the earth will enjoy long.days and 
summer, whilst the southern parts will have short 
days and winter. 

During the interval between the time of equal 
days and nights in March, which is called the Ver- 
nal Equinox, and the time when the day is the 
longest in June, which is called the Summer 
Solstice, the north pole will have described a quar- 
ter of a circle in the enlightened hemisphere, and 
will then be at its greatest distance from the boun- 
dary of light and darkness. And whilst the earth 
moves forward in its orbit towards b, the days will 
gradually shorten, till it arrives at the position de- 
noted by the month September, when, as the north 
pole has now described the other quarter of the 
circle, the terminator will again pass through the 
two poles, and the days and nights will be equal, 
as before. 

This last situation of the earth is called the Au- 
tuotmal Equinox, and the season is now a medium 
between summer and winter. And as the earth 
proceeds forwards in her orbit towards d, the days 
will shorten till December, when the north pole 
will be just as far in the dark hemisphere as it was 
in the enlightened one in June ; at which time it is 
called the Winter Solstice. From the winter 
solstice, to the vernal equinox, tlie days will gra- 
dually lengthen, as the north pole approaches the 
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tercninator ; luid at the instant when it hM again 
obtained that situation^ tlie natural year, wfaieh 
consists of three hundred and siKty-^vt days, five 
hours and about forty^eight minutes, is exactly 
oompleted. 

By the same explication, it is easy to peroeive, 
that the- inhabitants of the southern hemisphere 
must have the same vicissitudes with those in the 
northern, but in a contrary CH'der, it being nrkiter in 
one hemisphere whilst it is summer in the other. 
But lest this explanation of the subject should not 
be found sufficiently intelligible, I shall give you 
one of the most simple experimental illustrations of 
it I have yet seen ; which is taken, with a few al-^ 
terations, from Ferguson's Astronomy, where it ap- 
pears to have been first proposed. 

Take about seven feet of strong wire, and bend 
it into the circular form abed, (PL vi.) which, io 
consequence of its being viewed obliquely, will ap- , 
pear elliptical, as in the figure. Place a lighted candle 
on a table, and having fixed the end of a silk thread 
K, to a small terrestrial globe h, of about three . 
inches in diameter, cause another . person to hold 
the wire circle abed, so that it may be parallel to 
the table, and of the same height with the flame of 
the candle i, which should be nearly in th^ centre 
of the table. 

Having twisted the thread towards the left hand, 
3o that by its untwisting again, it may turn the 
globe eastward, or contrary to the way which the 
hands of a watch move, suspend the globe by the 
threaid, within this circle, almost contiguous to it $ 
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And as the thread untwists^ the globe, which is en- 
lightened half round by the candle^ as the earth i» 
by the sun, will turn round its axis, and the diffe* 
rent places upon its surface, will be carried through 
the light and dark hemispheres, and have the ap« 
pearance of a regular succession of day and nighty 
in the same manner as would take place upon the 
earth, by. means of such a motion. 

As the globe turns by the untwisting of the 
string, move your hand slowly round the candle, 
according to the order of the letters abcd^ keeping 
its centre continually even with the wire circle, and 
you will perceive that the candle, being still per- 
pendicular to the equator, will enlighten the globe 
from pole to pole, through the whole of its motion 
round the circle ; and that every place oh the globe 
goes equally through tl)e light and dark hemi^- 
spheres, as it turns round by the untwisting of the 
string, and has, therefore, a perpetual equinox, or 
an equal portion of day and night. 

The globe turning in this manner, represents the 
rotation of the earth upon its axis, and the motion 
of the globe round the candle the earth's annual re^ 
volution round the sun : it also shows, that if 
the axis of the earth had no inclination to the plane 
of its orbit, all the days and nights in the year 
would be equally long, and of course that there 
would be no variety of the seasons. This is exactly 
what would take place, if the earth moved in the 
equator instead of the ecliptic ; but as that is not 
the ease, we shall now see what effects will .follow 
from its true motion in the circle last aaeotioned. 
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Desire the person who manages the wire circle 
to hold it obliquely, in the position abcd, raising 
the side just as much as he depresses the side Hf i 
that the flaine may be still m the plane of the cir- 
cle ; and, twisting the thread as before, that the 
globe may turn round its axis the same way that 
you carry it round the candle, that is, from west to 
east, let the globe down into the lowermost part of 
the wire circle at i^f ; and, if the circle be properly 
inclined, the candle will shine perpendicularly on 
the tropic of Cancer, and the frigid zone, lying 
withm the arctic or north polar circle, will be en- 
tirely in the light, as in the figure ; and will always 
continue to be so, though the globe turn round its 
axis ever so often. 

In this position of the globe, it is also evident, 
that all the places which lie between the equator 
and the north polar circle, have their days longer 
than their nights ; and that all those places which 
lie between the equator and the south polar circle 
have just the reverse. The sun does not set to any 
part of the north frigid zone,, as is shown by the 
candle's continually shining on it, so that the mo* 
tion of the globe can carry no part of that zone into 
the dark ; and, at the same time, the south frigid 
zone is involved in darkness^ as the revolution of 
the globe can bring no part of it into the light. 

If the earth were to continue in this part of its 
orbit, the sun would never set to the inhabitants of 
the north frigid zone, nor rise to those of the south 
frigid zone. At the equator it would always be 
equal day and night ; and at places more distant 
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from the equator, towards the arctic circle, they 
would have their days longer than their nights, 
whilst those on the south side of the equator would 
have their nights longer than their days ; so that 
in this case, there would be continual summer on 
the north side of the equator^ and continual winter 
on the south side of it. 

But as the globe turns round its axis, move your 
.hand slowly forwards, so as to carry it from u to* 
wards >E, and the boundary of light and darkness 
ivill then approach towards the north pole, and re* 
cede from the south pole ; the northern places will 
go through less and' less of the light, and the 
southern places through more and more of it; 
which shows how the northern days decrease in 
length, and the southern days increase, whilst the 
gtobe proceeds from h to e. 

When the globe is at £, it is at a mean situation 
between the lowest and highejst parts of its orbit; 
the candle is directly over the equator ; the boun- 
dary of light and darkness just, reaches to both the 
poles; and all places on the globe go equally 
through the light and dark hemispheres; which 
shows that the days and nights are then equal on 
every part of the earth, the poles only excepted;, 
and there, it is evident, the sun is setting to the 
north pole, whilst he is rising to the south pole. 

Continue moving the globe forward, and as it 
goes through the quarter a, the north pole will re- 
cede farther into the dark hemisphere, and the south 
pole advance more into the light, as the globe 
comes nearer to ® ; and when the centre of it is 
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at Wf the<:andle will be directly aver the. tropic of 
Capricorn ; so that the days are then at the shortest^ 
and nights at the longest in every part of that hemi- 
sphere, ffom the equator to the arctic circle ; and 
the reverse in tlie southern hemisphere, from the 
equator to the antarctic circle; within which circles,- 
it is dark to the north frigid zone, and light to, the 
south. 

Continue both motions as before, and as the 
globe moves through the quarter b, the north pole 
advances towards the light, and the south pole re- 
cedes towards the dark ; the days lengthen in the 
northern hemisphere, and shorten in the southern; 
and when the globe comes to o, the candle will be 
again over the equator, as it was at e, and the day3 
and nights will be equal as before ; so that the 
north pole will be just coming into the light, and 
the south pole going out of it. 

From this experiment, we see the reason why the 
days lengthen and shorten from the equator to the 
polar circles every year ; why there is sometimes 
no day or night for many revoluticH^s of the earth, 
within the polar circles; and why the days and 
nights are equally long all the year round at the 
equator, which is always equally cut by the termi- 
nator, or the circle which is the boundary of light 
and darkness. — All this beautiful variety is oc- 
casioned by the inclination of the earth's axis to 
the. plane of its orbit. 

*' Some say he bid lib angeb turn askance 
The poles of earth twice ten degrees and more 
From the sun*8 axle : they, with labour, push'd 
OWique the central globe." Miltoi^. 
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The earth's qrbit being ellipdoali and l^e ^ua 
constantly keqpiug in pne and the eaoue fooaai, wbj<cb 
is about, 00^ million tbraie ^i^ndred and seventy- 
Mven thousand pfiiles from th^e centre, the earth 
will, therefarei be two million seven, hundred and 
£%-fbur thousand miles nearer to the sun, at one 
time of th^ year than at anpther ; and as the ^un 
appears constantly larger, or under a greater angle 
in winter than iq summeir, it is evidi^nt that th0 
earth must be nearer to the ^qn in the former sea- 
son than in the latter. But here this question will 
naturally arise ; Why have not we the hottest wea- 
ther when we are nearest to ihe sun? The earth 
is above two millions of miles nearer to the sun in 
December than it is in June, and yet in June it is 
the middle of summer, and in December the depth 
of winter; this seems a paradox. 

In answer to this apparent contradiction, it may 
be observed, that the eccentricity of the earth's 
orbit, or one million three hundred and seventy- 
seven thousand miles, bears no greater proportion 
to her mean distance from the sun, than seventeen 
does to one thousand, and therefore can occasion 
but little difference in the heat and cold of different 
seasons. But the principal cause of this difference 
is, that the sun's rays, in winter, fall so obliquely 
upon us, and have so large a portion of the atmo- 
sphere to pass through, that they come with less 
force, and spread over a larger space than they do 
in summer, or when the sun is at a greater height 
above the horizon/ In the winter long nights, we 
have also a greater degree of cold than cm 
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pensated for by the return of heat in the short days; 
and on both these accounts the cold will be much 
increased. Whereas in summer, the sun's rays de* 
•scend more perpendicularly upon us, and there- 
fore fall with a greater force, and in a greater quan- 
tity, upon any particular place, than when they 
come more obliquely. The sun is also much longer 
above the horizon than in winter, and, consequent* 
ly> ^ greater degree of heat will be imparted by 
day, than can fly off by night ; so that the heat, on 
all these accounts, will continue to increase. 
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LETTER XIL 

OF THE NATURAL AND ARTIFICIAI. DIVISIONS OF 

TIME. 

» 

•The more we extend our views, the more we are 
perplexed and embarrassed. Tilings which once 
appeared the most familiar to our understandings, 
are now hid under an impenetrable veil, and be- 
come totally mysterious and inexplicable. Educa- 
tion is a new birth to man ; but, with all the ad- 
vantages that art and nature can bestow, he is still 
a limited and confined being. Numberless are the 
questions that may be put to the most profound 
philosophier^ which, if be be ingenuous, he must 
<:onfess his entire inability to resolve. What, for 
instance, is time, space, matter, or motion ? Every 
one, who speaks of these things, imagines himself 
to be clearly understood, even by the most illite- 
rate; and yet if you require an explanation of 
the question, no one is able to give a rational an- 
■swer to it. 

If nobody aste me, said St Augustine, what time 
is, I know; but if any body asks me, I do not 
know. Another philosopher being desired to ex- 
plain the natuoe •t>f motion, got up and walked. I 
:cannot define il^ said he, but PU show you the 
tiling itself. But of all the definitions that ever 
'twere ^ven of motion, that of AristoUe is 4;he most 
ciurious ; who tells us that it is ^' the act of a being 
in power^ as far las it is in power;" which, as Mr. 
Locke observes, is siicli a Jargon, as would puzzle 
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any rational person, who had not before beard it, 
to guess what word it could possibly be meant to 
explain. 

Mr. Leibnitz defines time to be " an order of 
successions, as space is an order of coexistences;" 
and Hobbes, who is still more refined in bis notions, 
calls space the '^ phantasm of a thing existing, as 
existing." What sort of satisfaction or conviction, 
these definitions afibrd the mind, you will readily 
perceive, by consulting your own bosom* The 
6ict is, they are wholly unintelligible, and instead 
of conveying any clear ideas of the subject, serve 
only to render our simple and common notions of 
it more perplexed and obscure. No knowledge 
can be obtained from a definition, but when the 
terms made use of in the explication of it^ are 
better undevslood than the thing itself; and that 
this is not the casein the present instance, is pretty 
obvious. The nature of time, is, indeed, so intri- 
cate, that, to me, it appears incapable of admit- 
ting a clear and explicit definition. We must ex- 
plain it by means of the terms space, matter, and 
motion, and these are all equally mysterious and 
ambiguous* 

The notice we attempt to. form of Eternity, has 
ever been considered as one. of the most perplex- 
ing and embarrassing conbdptions of thb human 
mind ; but some modem speculatbrs in iiietaph}^ 
sical sufbtiitiies, pretend that tbere lis oofhing of 
which we have a more'dedr and^ddterminate idea; 
and, with respect to time, tiiay deny that there is 
any svch thing; it betng> air tbey say, only & pay* 
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ticttlar medificfttioii df eternity, and has no dbtioot 
conceivable existence, independent of the subject 
of which it is an attribute or property. This i& as 
much as to say, that finitude is more incoaipreban" 
sible than infinitude; and that motion, which is 
the measure of time, cannot be conceived without 
it be first represented to the mind as being per^ 
petual. 

Dr. Young, in his meiancboly rhapsody the 
Night Thoughts, has some curious poetical ideas 
upoo this subject : he calls time heaven's stranger, 
and represents it a,s being bom at the creation of 
the world. 

•* That memorable hour of wondrous birth. 
When the dread Sire» on emanation bent. 
And big with nature, rising in his might 
Called forth creation, (for then time was born) 
By godhead streaming through a thousand worlds." 

And again : 

*' From old eternity's mysterious orb. 
Was time cut off, and cast beneath the skies ^ 
The skies, which watch him in his new abode, 
Measuring his motions by revolving spheres ; 
That hordogs machinery divine. 
Hours,, days, and months, and years, his children, play 
Like numerous wings around him, as he fiies^ 
Or rather, as unequal plumes, they shape 
His ample pinions, swift as darted flame. 
To gain his goal, to* readi his ancient rest. 
And jwi anewvetevnity^ hia sire.*' 

What is ta be understood from this passage it u 
AOl: easy to say. The bocfk, however, contain^ 
t^tkch better ihitigs ; some ot hh thoughts beiojg 
taigbiy'iulbliMiii Md.|M}efieai'f buV 1^ phitosophiiMl 
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Itotkms are, in general, afiectedly tnysterious and 
dhscure. 

' I have mentioned these things, merely to show" 
you what insuperable difSculties we have to en<^ 
counter, when we attempt to carry our speculations 
and enquiries beyond their assigned bounds. Pro* 
perties and effects are all that we are acquainted 
with : the nature and causes of things are entirely 
hid from us, and it is in vain to seek after them. 
The celebrated Maclaurin, whc^e mind was as 
elegant and refined, as it was penetrating and com^ 
prehensive, does not, whilst he is treating on this 
subject, attempt to give a strict and scientific de* 
finition of time. After making a number of judi- 
cioua observations upon the certainty we have oi 
our own existence, and the manner in which ex- 
ternal objects act upon the mind, h^ expresses him- 
self as follows. 

^' From the succession of our own ideas, anct 
from the successive variations of external objects 
in the course of nature, we easily acquire the ideas 
of duration and time, and of their measures. We 
conceive true or absolute time, to flow uniformly 
in an unchangeable course^ which alone serves to 
measure with exactness the changes of all other 
things. For unless we correct the vulgar measures 
of time, which are gross and inaccurate, by proper 
equations, the conclusions are always found to be 
ipcorrect and erroneous. Timp may be conceived 
to be diyid<ed into sqoce&$ive parts thatmay be lest 
and less without end, thpiigt), with reject to anj^ 
on/$ pajticu)l»r:being* there^ptifl^ji b« aiw^Stsewi 
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time, as well as a minimum sensibUe in other mag^ 
nitudes. But however various the flux of time may 
appear to different intellectual beings, it cannot be 
thought to depend upon the ideas of any created 
being whatever." 

Time is in a perpetual flux, and perishing ; but 
a representation of it is preserved in the space de* 
scribed by motion. As the sun, therefore, is the 
most conspicuous body in our system, and appears 
to move regularly through the heavens, his motion 
is naturally fixed upon as one of the propei^est 
^measures of time that is afibrded us by nature. It 
is by means of bis apparent diurnal and annual re- 
volutions, that we obtain the two grand divisions of 
time, into days and years ; and thence all the dif« 
ferent periods that are^t present in use. The first 
division of the day was simply into four parts, 
morning, noon, evening, and midnight; but as these 
measures are vague and uncertain, art has been 
called in to our assistance, and has furnished us 
mth instruments, by which .we are enabled to mea- 
aure small . intervals of time with .greater preci« 
aion. 

In like manner, by combining the revolutions of 
the sun and. moon we f embrace the larger intervals, 
and, by that means, <form an idea. of those.grand 
perio(|s of time, which, .by. a continual and rapid 
succession, have given bkth to so many , great 
etents. But as these depend upon principlea^ 
.-which twfll be better explained hcne^ter, I shaH 
isontent myself,, at present^ . with oidy pointiiig. out 
to you aochr other, divisiops, as^iirise.iiNMa(i ais^coiip^ 
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mical eonsiderations, and which are priBcipaUy 
used in that science. In all civil computations/ a 
day is usually divided into twenty-four hours, 
reckoning twelve from midnight tx> noon, and twelve 
from noon to midnight again ; but an astronomi*- 
jbal day, is tbeinterval between noon and noon, or 
the time elapsed between two successive transits of 
the sun's centre over the same meridian. This 
day is also divided into twenty-four hours like tba 
former; but instead of stopping at twelve, as in 
the civil account, astronomers always reckon on 
from one to twenty-fjur, without interruption ; so 
that, fofr instance, what is called seven o'clock in 
the morning of April the tenth, by the civil reckoa- 
ing, is called, by astronomers, April the ninth, at 
tiineteen hours. 

The sun, as has been already observed^ appears 
to go round the earth in twenty-four hours, and the 
fixed stars in twenty-three hours, fifty-six minutes 
and four seconds ; so tha^ they are found to gain 
three minutes and fifty-six seconds upon the sua 
€V0py day ; which amounts to one diurnal revoiiUr 
tion in a year : and, therefore, in three hundred 
rod sixty<^five days, as measured hy the returns of 
tiie sun to* the meridtan, there are three hundred 
and sij&ty^nx days^ as measured, by the returns of 
tib^ stars to the iDeridian; the.ferqaesr.of whbhare 
^salted Sdfaur iteys, and the laltev sbtoeaU This/dii- 
ier«iio6 betwifisn'the scdw aaad.adeisead days, is oo- 
^asioned by tfaeimmease dislaaee^tbe fixed stars^ 
fof» tim ^tAttif's orbit, when eomiparQd with thiadis^ 
tttMe, is isuli aa at point ; and thereldiDG WDSf mem 
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dkn will revolve frotn a fixed star» to that star 
again, in exactly the same time as if the earth bad 
only a diurnal motion, and was to remain for ever 
in the same part of its orbit. 

But this is not the case with respect to the sun ; 
for as the earth advances almost a degree eastward 
in its orbit, in the same time that it turns eastward 
round its axis, or completes its diurnal revolution, 
wiiatever star passes over the meridian any day 
iritfa the sun, will pass over the same meridian the 
next day when the sun is three minutes and fifty* 
aix seconds in time, or near a degree, short of it. 
If tlie year contained exactly three hundred and 
sixty days, as the ecliptic does three hundred and 
sixty degrees, the sun's apparent place, so far af 
lus motion is equable, would change a degree every 
day ; and, in this case, the sidereal days would be 
}ost four minutes shorter than the solar ones. 

This matter may perhaps be made something 
plainer by means of a figure. For this purpose, let 
ABCD, &G. (PI. VI i^. fig. S.) be the earth's orbit, ia 
which it goes round the sun every y^ar, from west 
to east, according to the order o( the letters ; and 
turns round itsaxie, the same: way, from the sun to 
tike sua again, in twenty- four hours. Let s, in tike 
manner, represent the sun, and r a fixed star, at 
saoh mci immense distance, that the diameter q£ the 
eatth'ftOBbit bears nO' sensible proportion to that 
distance; alaov in* the figure mnmy which represents 
Ihe^arfeh in diffiorent pointsof its orfast, let s^m, bi 
ttiypartioabur nwridkin^ aad n a given ppinl^'or 
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place upon the surface of the earth, lying under 
that meridian. 

These things being premised, it is plain that 
vhen the earth is at a, the earth, sun, and star will 
be ail in the same right line ; and, consequently, as 
the earth turns round its axis, the point k will come 
to the sun and star at the same time. But wheti 
the earth has advanced through a twelfth part of 
its orbit, from a to b, its motion round its axis will 
bring the point n a twelfth part of a day, or two 
hours, sooner to the star than to the sun. For the 
star, as has been already observed, will come to 
the meridiat) in the same time as if the earth had 
continued in its former, situation, at a ; but the 
point N must revolve from n to it, before it ccm 
have the sun upon its meridian. The arc Nfi, 
tlierefore, being the same part of a whole circle as 
the arc ab, it is plain that any star which comes 
to the meridian at noon with the sun, when the 
earth is at a, will come to the meridian at ten 
o'clock in the forenoon, when the eartli is at b. 
, When the earth has passed from a to c, through 
a sixth part of its orbit, the point n will have the 
etar upon its meridian at eight o'clock in the mom* 
ifig, or four hours sooner than it comes round to 
the sun ; and, in like manner, when the earth has 
advanced fortvards to d, through a fourth part tcrf* 
its orbit, the point n will have the star on its meri"- 
dian at six o'clock in the morning ; for as the earth 
hMs now proceeded through ninety degrees, or a 
fourth part of the whole drciifliference, it must 
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likewise turn ninety degrees upon its axis^ in order 
to carry the point n from the star to the sun ; for 
the star will always come to the meridian when 
NUt is parallel to rsa, because ds, the radius of 
the earth's orbit, is but as a point in respect to the 
immense distance rs. 

When the earth is at k, the star will come to the 
meridian at four o'clock in the morning ; at f at 
two in the morning ; and at o, at midnight ; for 
the earth having now gone just half round its orbit, 
the> point n will be directly opposite to the sun; 
and, therefore, by means of the earth's diurnal mo* 
tion, the star will come to the meridian twelve 
hours before the sun. In like manner, when the 
earth is at h, the star will come to the meridian at 
ten o'clock in the evening, or fourteen hours be- 
fore the. sun ; at i, it will come to the meridian 
sixteen hours before the sun ; at k, eighteen hours 
before him ; at l, twenty hours ; at m, twenty- 
two ; and at a, it will return to the meridian at the 
same time, and be exactly with the sun again. 
, The daily revolution of the earth, which, by ob- 
servation, is known to be uniform (/), is always 
completed^ when any particular meridian is exactly 
parallel to the situation which it had at any tim^ 
of the preceding day. And it is plain, from the 
figure, that the same meridian can never be brought 
round, fbom the sun, to the sun again, by one en* 

h 

^/) It may here be observed, that some able astronomen^ 
have lately suspected that this motion is Dot perfectly uni- 
form 5 but at all events it is so nearly so, that no sensible error 
can arise in considering it as such. 
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tire revolution of^tbe earth upon its aKis, bktihat 
it will require as much more of another revototidn 
as is equivalent to the 6pace «he has ^ajcivaaced Jm 
her orbit during that time ; which, dt a.oiean rate^ 
is the three hundred and i>ixty fifth part of a cir^ 
cle. So that in three hundred and sixty*fivedaj;LS^ 
the earth will have turned three humhed and^iity- 
six times round her axis ; and, therefore^ da one 
complete rotation makes a sidereal day, thene wiH 
be one sidereal day in a year more than there are 
solar days, be that number what it may, either oei 
the earth, or on any other planet. 

This regular return of the fixed stars to the mtr 
ridian, affords us any easy method of detei'mimifig 
whether our clocks and waiches gO true* For. t^ 
through a small iiple in a window ishiitt^, or in a 
thin plate of metal properly fixed for that piirpose^ 
we observe at what time .aoy aticir disappears bar 
hind a chimney, or the cornet- of a buiilding, at A 
small dislaiice; (hen^ if the same star dtsaf)pears^ 
the next night, three minutes and fifty-six seconds 
sooner, by the dock or watch, than it did tiie night 
before ; on the second night seve^ minutes fitty^ 
two seconds sooner ; on the third night elevoo 
minutes forty-eight seconds sooner; and so oaj 
it is a certain sign that the machine goes ri^it ;.hi)tt 
if it does not observe this rule, it is evidently not 
true, and must therefore be regulated accordfaigly : 
and as the disappearing of a star is instant«ueot», 
we m^y depend upon this information to half a se« 
cond at least. 

Besides the divisions of time here mentioned, 
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there are two others which relate to the year ; and 
as they are frequently referred to by astronomers, 
it will not be improper to explain them. The two 
opposite points in which the ecliptic intersects the 
equator, are called the equinoctial points ; and the 
two points where it touches the tropics the solstitial 
points ; and the time elasped between two succes* 
sive passages of the sun through the same equinoc- 
tial or solstitial points, is called the tropical year ; 
whichy by observation, is found to contain three 
hundred and sixty-five days, five hours, forty-eight 
minutes, and forty-five and a half seconds. 

And, in like manner, as the tropical year is de- 
termined by the returnmg of the sun to the same 
point of the ecliptic, so the time elapsed between 
his departure from any fixed star and his returning 
to that star again is called the sidereal year, which 
contains three hundred and sixty-five days, six 
hours, nine ninutes, and fourteen seconds and a^ 
half. The sidereal year is therefore, twenty minutes, 
seventeen seconds and a half longer than the solar 
or tropical year; and nine minutes, fourteen se- 
conds and a half longer than the civil year, which 
is three hundred and sixty-five days, six hburs ; so 
that the civil year is almost a mean between the 
sidereal and tropical years. 
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LETTER XIII. 

'•? THE EfttJATlON OF TIME; OR THE- DIFFEBENCK 
BETWEEN MEAN TIME AND APPABENT. 

It is a circumstance worthy of observation, that, 
excepting the rotation of the earth upon its axis, 
there is no one body in nature, with which we are 
acquainted, whose motion is perfectly uniform and 
regular(w). The sun, in his apparent journey 
through the heavens, is supposed by the vulgar to 
furnish us with an a,ccurate and just measure of 
time ; but in this they are greatly mistaken. Astro- 
nomers have found that the motion of the sun is 
very unequal; and therefore equal time, which 
flows on for ever in the same manner, cannot be 
truly measured by the sun's motion. Mean, or 
equal time, is that which is shown by a perfectly 
well regulated clock or watch ; and in order that 
the apparent time, as shown by a true 1sun-dia,l, 
may agree with this, it must be corrected by proper 
equations. - 

The difference between mean and apparent time 
depends upon two causes, the obliquity of the 
ecliptic with respect to. the equator, and the un- 
equal motion of the earth in an elliptical orbit.. I 
•hall first explain the effects of these causes sepa- 
rately considered, and then the united effects re- 
sulting from their combination. But, before we 
." ' — ' — 

(m) See the observation that has been made upon this part 
of the subject, in page 189% 
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proceed to these particulars, it will be proper to 
-remind you, that whenever the motion of the sun 
is spoken bf, it is not to be understood in a posi- 
tive sense, a3 if he actually removed from one part 
of space to another, but only as an appearance oc- 
casioned by the real motion of the earth in a con- 
trary direction. The phaenomena are exactly the 
4same; and astronomers sometimes mention one, 
and sometimes the other, according as they find it 
most convenient for their purpose. 

This being premised, it may be observed, that 
since the earth's axis is perpendicular to the plane 
of the equator, any equal portions of this circle, 
ti^ill, by means of the earth's rotation upon its axis, 
pass over the meridian- in equal times ; and so, in 
like manner, would any equal portions of the eclip- 
tic, provided it were parallel to, or coincident with 
the equator. But as this is not the case, the daily 
motion of theearth upon its axis will carry unequal 
portions of it over the meridian in equal times ; the 
difference being always proportional to the obli- 
quity : and, as some parts of the ecliptic are much 
CQOre obliquely situated with respect to the equator 
than others, those differences will be unequal 
amongst themselves. 

• Suppose, for example, that the sun and a star 
were to set out together from one of the equinoctial 
points, and to move continually through equal arcs 
in equal times ; the star in the equator, and the 
sun in the ecliptic : then it is plain that the star, 
moving in the equator, would always return to the 
•meridian exactly at the end ot every twenty-four 
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• 

faovrsy a» mto&ured by a wdl r^ulated doek, th«t 
keeps equal time; but tbe sun, moving in the e^^ip- 
ticy would come to the meridian, sometimes sooner 
than tbe star, and sooietftiiies later, aceording to 
their relative situations ; and they would never be 
found upon that circle exactly together, except on 
four days of the year; namely, on tbe 20th of March, 
when tbe sun enters Aries; on the Silt of Juira, 
ivhen he enters Cancer; on S3d of September, 
when he enters Libra ; and on the S 1 st of Decent 
ber, when. he eaters Capricorn. 

But lest a verbal description should be found inn 
sufficient, I shall endeavour to make it more ia- 
telli^ble by means of a figurci For this purpose^ let 
£ T « ^(Pl. viir fig. 5.) be tbe earth; zfax its 
axis ; abcd^ &c. the equator ; abcb, &€• the north- 
ern half of tbe ecliptic, from <r to *^i (>n the side 
ii6xt to the eye ; and Higof the southern half, on 
the opposite sidey from kb to v^ In like manner^ 
let A, B, c, p, &c. be the boundaries of equal por^ 
tbns of the ecliptic^ gone through iii equal times 
by the sun; and a^ b, c, d^ &c. equal portions of thf 
equator, described in equal times by the stur i alM 
let 2 "v % be the meridian* 

Then, as the sun moves obliqu^y in tbe ecliptic^ 
and the star directly in the equator^ a degre6> or 
any number of degrees, between v and f on the 
ecliptic, must be neaner to the meridiaa z<r^$ thaa 
a degree, or any corresponding number of degreel 
on the equator, from ^ tofs and the mOre so as 
they are more oblique. The son, therefore, o6mei 
to tbe meridian sooner every dey, whilst he is ir 
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the quadrant c^ f, thAn the star does in the qua- 
drant <v» /; and, as the motkm of the fietitious star 
in tfaje equator, answers to the motion of a wel) re- 
gulated clock, it is plain that the solar noon, in thli 
dase, ivill precede the noon by the clocks 

On the contrary, whilst tl^e sun describes thg 
letond quadrant of the ecliptic fghikl, from sb to 
^, he will come later to the meridian every day 
than the star, which moves through th^ second 
quadrant of the equator, from / to ^ ; for thd 
points e, h, i, k, l, being farther from the meridian 
than the corresponding points g^hfi^kjlf they 
must be latdr in coming to it ;* and as the sun 
iand star arrive at tlie point ^ at the same moment, 
tiiey must then both ^ome to the meridian to- 
gether at the instant when it is noon by the clock. 

Again, in departing from Libra, through the 
third quadrant, tbe^un going through mnopq to« 
wards if J and the star through mnopq^ towards r; 
the former will come to the meridian every day 
sooner than the latter, till the sun arrives at the 
point i^, and the star at the point r, and then they 
tvill both come to the meridian at the same time^ 
And, in like manner, as the sun moves through the 
fourth quadrant stuvw, from ^ towards «v*, and 
the star through the quadrant stuvw^ from r to* 
wards •«», the former will come later every day to 
the meridian than the latter, till they both arrive 
ttt the pdnt <y», and then they will make it noon at 
tiie same time with the clock. 

This part of the equation of time^ may be made 
•ttlfl more familiar by means of a globe ; for if m 

o 2 
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« 

amall black patch be put on every tenth or fifteenth 

degree, both of the equator and ecliptic, beginning 

at the point "v*, and the globe be turned round 

slowly to the westward, you will observe that all 

the patches from Ariejs to Cancer, and from Libra 

to Capricorn, will come to the meridian sooner than 

their corresponding patches on the equator; and / 

all those from Cancer to Libra, and from Capri* 

corn to Aries, will come to the meridian later than 

their correponding patches on the equator : whilst 

the patches at the beginning of Aries, Cancer, 

Libra, and Capicom, being on, or even with those 

on the equator, show that the sun and star, will 

either meet there, or are even with each other^ and, 

for that reason, must come to the meridian at the 

same time. 

» 

Mn Ferguson, whom I have chiefly followed in 
this artible, proposes the following method for 
showing the difference between solar, sidereal, and 
equal time. Suppose two little balls are made to 
move equally round a celestial globe, by means of 
clock-work; one always keeping in the ecliptic, 
and gilt with gold, to represent the real sun; and 
the other, keeping always in the equator, and 
silvered, to represent a fictitious sun ; and let it be 
so contrived, that whilst these two balls move once 
round the globe, according to the ordec of the 
signs, the globe shall be made to turn three .hun- 
clred and sixty*six times rouud its axis, westward. 

Then, as the motion of the globe is uniform, any 
fixed star will come to the meridian in equal times^ 
and make in all three hundred and sixty^six.revo* 
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lutions, from the brazen meridian to the brazen 
meridian again. Bat the two balls, representing 
the real and fictitious suns, going continually far- 
ther eastward from any given star, will come later 
than that star' to the meridian every following day 
than on the preceding one ; so that each ball will 
make in all exactly three hundred and sixty-five 
revolutions ; and they will both come together to 
the meridian, at the beginnings of Aries, Cancer, 
Libra and Capricorn; but in every other point of 
the ecliptic, the gilt ball will come sooner or later 
to the meridian than the silvered ball, in the same 
manner as the patches above-mentioned. 

This is' an easy way of showing the reason why 
any given star, which, on a certain day of the year» 
comes to the meridian with the sun, passes over it 
so much sooner every following day, as on that day 
twelvemonth to come to the meridian with the 
tun again ; and also, why' the sun, moving in the 
ecliptic, comes to the meridian, sometimes sooner, 
and sometimes later than when it is noon by the 
clock ; and on four days of the year at the same 
time ; whilst a body, moving in the equator, would 
always come to the meridian exactly when it was 
noon by the clock. An ingenious artist might easily 
put this appendage to a celestial globe; for the 
gold ball might be carried round the ecliptic, by a 
wire from its north pole, and the silver ball round 
the equator, by a wire from its south pole, by 
means of a few wheels to each. 

From what has been already said upon this sub- 
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ject, it it plain, that if the ecliptic cut the equator 
itiil more obliquely, as is represented by the 
dotted circle T x «^, (PI. vii. fig. 3.) the equal di* 
visions fnoin v to x, would cotpe still sooner to the 
meridian z ^ s, than those marked a, b,c, d, e; 
for two divisions, containing thirty degrees, froni 
r to the second dot, a little short Qf the figure r, 
will come sooner to the meridian than one division, 
containing only fifteen degrees, from "V* to a ; whilst 
those of the second quadrant, from x to ^, woi3l4 
come so much later to it. In tlie third quadran^ 
the same things would take place ^s m the first, 
and in the fourth as in the second ; and where die 
ecliptic is mpst oblique, about Aries and Libra, it 
is evident, that the difference would be greatest^i 
and least about Cancer and C&prioorn, where the 
obliquity is least. 

Having explained one cause of the difference of 
time, as shown by a wdl regulated clock and a true 
sun-dial, I shall now proceed to the other, aiiden«> 
deavour to make that equally easy and intell^ibte. 
The obliquity of the ecliptic is not the only cause 
of an inequality in the length of days, but this in- 
equality arises also from the unequal motion of the 
sun himself. This motion is slowest in summer, 
when the earth is farthest from the sun, and swiftest 
in winter, when he is nearest to it ; as is evident 
from the laws of Kepler, explained in Letter vi; hy 
which it has been found, that the earth is about 
eight days longer in passing throu^ the norther^ 
than through the southern half of his orbit: hence. 
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aithottgh tb^e wexm no 4]ibliquity of the ecliptic, 
^e ^motion of the sun would not be a tnje aad en- 
act measure of tioie. For this motion sometifaes 
exceeds a de^«e in twenty-four hours, and is sdinie- 
times less ; and, consequently, when it is slowest, 
any particular meridian will co^ae rx>und sooner to 
^im than when it is swiftest; so that the days^ 
from this cause alone, cuiiaoi be equal to each 
other. 

If two bodies, therefore, were to move in the 
plane of the ecliptic, so as to go exactly round it 
in a year ; the one describing an equal arc every 
twenty-four hours, and the dher describing some^p 
tbnes a less arc in that dme and sometimes a 
greater, gaining at ooe time of the year what it lost 
fit another, it is evident, that one of those bodies 
would come sooner or later to the meridian than 
the other, aeciH'ding to their situations : and when 
they were both in conjun(^on, they would come 
(o the meridian at the same instant. But as this 
may not be readily understood, it will, perhaps, 
appear more evident by means of a 6gui^. 

For this purpdse, let abcd (PI. vji. fig. 4.) be 
the ecliptic, or the elliptical orbit which the sun, by 
an irregular motion, describes in the space of. a 
year ; and the dotted circle abed the orbit of an 
imaginary star, i:oincid^t with the plane of the 
acUptic, (^nd in which it moves through equal arcs 
in equal times. Let hik, also, be the earth, which 
revolves round Hs axis, e^exy twenty-four hours, 
from west to east ; and suppose the sun and star 
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to set out together from a and a, in a right line 
with the plane of the meridian eh ; the sua at a; 
being at his greatest distance from the earth ; at 
which time his motion is slowest; and the star at 
a, whose motion is equable, and its distance from 
the earth always the same. 

Then, because the motion of the star is always 
uniform, and the motion of the sun, in this point 
of his orbit, is the slowest, it is evident that whilst 
the meridian re^rolves from u to. h, according to 
the order of the letters h, i, k, l, the sun will have 
proceeded forward in his orbit from a to f; and 
the star, moving with a quicker motion, will have 
gone through a larger arc, from a to/; from which 
it is plain, that the meridian eh will revolve sooner 
from H to A, under the sun at f, than from u to k^ 
under, the star at fs and consequently it will be 
noon by the sun, sooner than by the clock. 

As the sun moves from a towards c, the swiftt 
ness of his motion will continually increase, till he 
comes to the point c, where it will be the greatest; 
But the star, notwithstanding this, will gain so 
much upon the sun, soon after his departure from 
A, that the increasing velocity of the sun will not 
bring him up to the equally moving star, till the ' 
former comes to C, and the latter to c ^ or :when 
each of them has gone just half round its respective 
orbit; and as they are then in conjunction, the ^ 
meridian £h, revolving to ek, will come to the sun 
and star at the same time ; and consequently it 19 
poon by them both at the same instant. 
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. From this point, the increased velocity of the * 
sun being now the greatest, will carry him before 
the star ; and, therefore, the same meridian will, ' 
in this situation, come to the star sooner than tQ 
the sun. For whilst the star moves from c to g, 
the sun will move through a greater arc, from c to 
g; and, consequently, the point k has its noon by 
the clock when it comes to Ar, but not its noon by 
the sun till it comes to /. And though the Veloci^ 
of the sun diminishes all the way from c to a, and 
the star, by an equal motion, is still coming nearer 
to the sun, yet they will not be in conjunction till 
the one comes to a, and the other to n, and then 
it is noon by them both at* the same instant. 

From this it appears, that the solar noon is aU ^ 
ways later than the noon by the clock, whilst the 
sun goes from c to a ; and sooner whilst he goes 
from A to c; and at these two ppints, the sun and 
clock being equal, it is noon by them both at the 
same time. The point a is called the Sdn^s 
Apogee; because when he is in this situation, be 
is at his greatest distance from the earth ; and the 
point c is called his Perigee ; on account of his 
being then at his least distance from the earth : and 
a line a£C, drawn through the earth's centre, from 
one of these points to the other, i» called the Line 
of the Apsides. 

It may also be observed, that the distance which ' 
the sun, at any time, has gone from his Apogee, 
and not the distance he has to go to it, though it 
be ever so little, is called his mean Anomaly; and 
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is alveays reckoned in ftign», degrees, minutes, &c, 
allowing tliirty degrees to a sign. ThuS| for ex* 
ample^ wlien the sun has gone a hundred aii4 
seventy-four degrees from his apogee at a, he is 
said to be five signs twenty-four degrees from it, 
which is his mean anomaly. And, in like mannert 
when he has gone three hundred and fifty-five de^ 
grees from his apogee, he is said to be eleven signs 
twenty-five degrees from it ; although he be but 
five degrees short of a, in coming round to it again. 

So that from what has been said, it appears, that 
when the sun's anomaly is less than six signs, that 
is, when he is any where between a and c, in the 
half of his orlHt abc, the solar noon will precede 
the clock noon : but when his anomaly is more 
than six signs, that is, when he is any where be- 
tween c and A, in the half of his orbit cda, the 
clock noon will precede the solar noon. On the 
contrary, when im anomaly is signs degrees, 
that is, when b^ is in his apogee at a ; or, when it 
is exactly six signs, which is when be is in bis 
perigee at c, he will come to the meridian at the 
^ame time with the star, and it will be noon by 
them both at the same instant. 

The obliquity of the ecliptic to the equator^ 
which is the first mentioned cause of the equa^n 
of time, would make the sun and clocks agree on 
four days of the year, which are when be enters 
Aries, Cancer, Libra, and Caprioorn ; but the 
pther cause, which arises from his unequal motion 
in his orbit, would make the suq and clocks agre^ 
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only twice a year, that is when be is in fais apogee 
and perigee ; and, consequently, when these two 
points fall in the beginnings of Cancer and Capri> 
corn, or of Aries, and Libra, they will cpiicur iq 
making the sun and clocks agree iq those points. 
Bat the apogee, at present, is in the ninth degree 
of Cancer, and the perigee in the ninth degree of 
Capricorn ; and, therefore, the sun and clocks^caa- 
tiot be equal about the beginnings of those sigiiB, 
por at any otiier tiine of the year, except when the 
swiftness or slowness of equation, resulting from 
one of the causes, just balances the slowness or 
swiftness arising from the other. 

About the first of November, the absolute equa- 
tion of time resulting from both these causes wil} 
he the greatest; the time shown by an equally 
going clock being then about sixteen minutes and a 
quarter slower than the time shown by the sun. 
And, as this equation is of the utmost importaxioe 
in all computations where time is concerned, as- 
tronomers have calculated tables, by which it may 
|je found for every day of the year. So that by 
means of these tables we can always correct the 
apparent time, by reducing it to mean time, which 
is the principal end, or object proposed; For 
though the time shown by the sun appeare to be 
the most obvious and natural, yet it is of no c^er 
use, but as it may be employed in finding the 
mean time, or that whose essence is equality or 
perfect uniformity; all the celestial revolutions, 
pnd every other epoch and period, being always 
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referred to this standard, which is properly consi* 
dered as the only true and adequate meiasure of 
duration. 

The equation of time was known as early as the 
time of Ptolemy, as appears from what he has said 
upon this subject in the Sd Book of his Almagest; 
but notwithstandingit was employed both byTycho 
firahe and Kepler, it was not generally adopted 
till the year 1672| when Flamsteed published a 
dissertation upon the subject, at the end of the 
works of Horrox. Since that time, it has been 
found that some irregularities are also occasioned 
by the attractions of the planets ; but as they de- 
pend upon principles which are not easily ex- 
plained, and can, in no case, produce an error of 
iriore than a few seconds, I have altogether omitted 
them. 

As the sun's place and anomaly are subject to 
continual variations, no general equation Tables 
can be so constructed as to be perpetual; and, 
therefore, when great accuracy is required, re- 
ference must be had. to the Nautical Almanac, or 
some other performance of that kind. The follow- 
ing concise Table, however, which is adapted to 
the 2d year after Leap Year, will always be found 
within about a. minute of the truth, and is, there- 
fore, sufficiently accurate for the regulating of com- 
mon clocks and watches, which are only divided 
into minutes. 
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Where it is to be observed, that those columns 
which are marked ■+- show that the clock or watch 
is faster than the sun, and those marked r- that it 
is^ slower. 
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LEtTER XIV- 

bF TUB mEFdtlMATION O^ THE CAtENDAk; 

Owe of the first cares of every society, after prd- 
viding for its most pressing wants and necessities^ 
hat always been to establish some uniform method 
of reckoning time, . Without such a standard to 
refer to^ as occasion requires, the administration 
ofpubUc affairs, and the common concerns ofiife^ 
would be subject to perpetual confusion. A well 
regulated calendar is, therefore, a matter of th6 
most extensive utility and importance. It is by 
this means, that we are able to ascertain the re-* 
turns of the seasons^ and to point out the propei* 
times for cultivating the earth; to adjust the ob^ 
servance of civil and ecclesiastical institutions, and 
to transmit to posterity the dates of such events as 
are worthy of remembrance* 

A computation of time by certain regular periods^ 
is a custom that has been observed by all nations^ 
where arts and sciences have been cultivated ; but 

IP 

$s nature has afforded os no fixed or permanent 
measure of duration, the manner pf estimating those 
periods has been various and uncertain. In some 
countries the natural day is supposed to commence 
with the rising of the sun, and in others with his 
setting ; some begin to reckon from midnight, and 
others from noon. The Jews and Romans divided 
the artifical day into twelve parts, whether long or 
short, and the night in the same manner ; so that 
their hours, except at the equinoxes, were always 
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unequal ; which custom, notwithstanding its mam- 
fest absurdity, is still followed by the Turks and 
other eastern nations* 

The Egyptians, according to Herodotus, were 
the first who fixed the length of the year, and made 
it to consist of three hundred and sixty days, which 
they separated into twelve months, in order that it 
might agree with the course of the moon. Mer** 
cury Trismegistus added five days more; and 
Thales is said to have done the same thing among 
the Greeks. But the Jews, Syrians, Ethiopians, 
Komans, Persians, and Arabs, had all years of dif* 
ferent lengths. The apparent vicissitudes of the 
seasons, occasioned by the various positions of the 
sun, seem to have first given occasion to this insti- 
tution ; and as the length of the period would be 
naturally adapted to comprehend all the varietiea 
of this kind that could possibly happen, so their 
principal care would be to make the same parts of 
the year agree with the same seasons. But as dif- 
ferent nations would make use of different methods, 
they would not all choose the same point of the 
ecliptic for the beginning of the year^ nor be en- 
tirely agreed about the exact time of the revolu** 
tian. 

The day on which the year commences, is, also« 
different in different countries. The Romans, after 
the first regular adjustment of their calendar, 
agreed to begin their year on the first of January ; 
which custom has since been observed by the 
jEli^sfa, and some other European nations. The 
Mahometans begin their year on the day when the 
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sun enters the Ram ; the Persians in the month 
which answers to our June; the Chinese and.In- 
dians with the first new moon that happens in 
March ; and the Mexicans, according to d' Acosta, 
begin their year on the twenty-third of February, 
about which time the verdure, in that country, first 
begins to appear. It may here also be remarked, 
that, among the Romans, the first and last days of 
the year, were consecrated to Janus^ which seems 
to be the reason why he is always represented with 
two faces ; one looking forwards to the new year, 
and the other backwards on the old. 

The week is another division of time, of the 
highest antiquity, which, in almost ail countries^ 
has been made to consist of seven days ; a period 
supposed by some to have been traditionally dep- 
rived from the creation of the world ; whilst others 
imagine it was regulated by the phases of the moon. 
But whatever it might be that led so many diffe- 
rent nations to adopt this primitive measure, it was 
certainly not universally received. The week of 
the ancient Greeks, according to Gassendus, con- 
sisted of ten days, and that of the Romans of nine; 
but afterwards, in imitation of the Jews, they 
divided it into seven ; which custom was first in*- 
troduced among the Romans about the time of the 
emperor Theodpsius. Dies Solis, Lunse, Martis, 
^ercurii, Jovis, Veneris, and Saturni, are the days 
of the Roman week, and the names of the' seven 
planets; and so, among us, Saturday, Sunday,. and 
Monday, plainly denote, Saturn's day, the Sun's 
day, and the Moon's day ; and Tuesday, Wednes- 
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day, Thursday and Fridisiy, are the days of Tuisco, 
Woden, Thor and Friga, which are the Saxon 
names for Mars, Mercury, Jupiter and Vetius. 

But of all the divisions of time, which have been 
in general use, thennonth and the year are the niost 
embarrassing. . To determine these periods with 
accuracy and precision, and to adjust them to the 
course of nature, is a matter of the utmost diffi- 
culty, and is yet far from being accomplished. 
The revolution of the moon in her orbit, or the 
time from one new moon to another, may be called 
a month ; and the time the sun takes to perform 
his apparent course round the earth, from any one 
point in his orbit, to the same point again, may be 
called a year ; but as neither of these revolutions 
are completed in an exact number of days, how 
are they to be reconciled with the common account 
of time, and made to agree with each other ? The 
seasons are evidently regulated by the course of 
the sun; and as their returns are only to be known 
by means of his motion, it is from this alone that 
the proper length of the year can be determined. 

In matters of little moment, the uninstructed 
part of mankind regard the powers of science with 
astonishment ; but when the subject is beyond the 
reach of all science, they frequently imagine it to be 
attended with no difficulty. This has been particu- 
larly the case, with the attempts that have been made 
to correct the vulgar methods of reckoning time. 
The populace of every country, consider the year 
as a certain regular period, the length of which is 
pointed out by nature herself ; and, with a cla<^ 
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mour that bids defiance to reason, oppose every 
alteration. To change the observance of certain 
religious feasts, which have been long fixed to par* 
ticular days, is looked upon as an impious innova- 
tion ; and th ough the times of the events, upon 
which those ceremonies depend, be utterly un* 
known, it is still insisted upon that the Glastonbury 
thorn blooms vpon Christmas-day, and that this 
country has never flourished since that festival 
was altered. 

Popular prejudices have been nearly the same 
in all ages. The ancient calendar was so obvi- 
ously defective, that it was impossible not to per- 
ceive the disorder it occasioned ; and yet the mul- 
titude were still averse to reformation. Aristo- 
phanes, in his comedy of the Clouds, has a number 
of pleasantries upon this occasion. An actor, 
who was just come from Athens, recounts that he 
met with Diana, or the moon, and found her ex- 
tremely incensed, that they did not regulate her 
course better. She complained, that the- order of 
nature was changed, and every' thing turned topsy 
turvy. The Gods no longer knew what belonged 
to tiiem; but, after paying their visits upon certain 
feast-days, and expecting to meet with good cheer, 
as usual, they were under the disagreeable neces- 
sity of returning back to heaven again without 
their suppers. 

Amongst the Greeks and other ancient nations 
the length of the year was generally regulated by 
the course of the moon. This luminary, on ac- 
count of the different appearances which she ex- 
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bibits at her full and change, and at her quarters, 
was considered by them as the best adapted of 
any of the celestial bodies fqr this purpose. And 
as one lunation, or revolution of the moon round 
the earth, was found to be completed in about 
twenty-nine days and a half, and twelve of these 
lunations being imagined to be nearly equal to one 
revolution of the sun, their months were made to 
consist of twenty-nine and thirty days alternately, 
and their year of three hundred and fifty-four days. 
But as the time between two successive full moons 
is now known to be twenty-nine days, twelve 
hours, forty-four minutes and three seconds, and 
the time the sun takes to move from one of the 
solstitial points to the same point again, is three 
hundred and sixty-fivie days^ five hours, forty-eight 
minute and fifty-one and a half seconds ; it is evi- 
dent, that this computation, although it agreed 
tolerably well with the course of the moon, must 
yet have been extremely defective, the diflference 
between the lunar year and the true solar year, 
being more than eleven days. 

The irregularities which such a mode of reckon- 
ing would occasion, must have been too obvious 
not to have been noted. For, supposing it to have 
been settled, at any particular time, that the be- 
ginning of the year should be in the spring; in 
about sixteen years afterwards, the beginning would 
have bedn in autumn; and in thirty-three, or thirty- 
four years, it would have gone backwards, through 
all the seasons, to spring again. This defect, how- 

« 

ever, they attempted to rectify, by introducing a 
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number of days at certain times into the calendar, 
as occasion required, and putting the beginning of 
the year forwards, in order to make it agree with 
the course of the sun. But as these intercalations 
were generally consigned to the care of the priests, 
who, from motives of interest or superstition, fre-. 
quently omitted them, the year was made long or 
short at pleasure, and the calendar was yet in a 
very imperfect state. 

Several methods of correcting these errors, bad 
been frequently proposed to the Roman senate, by 
the mathematicians of those times ; but that peo- 
ple, intent only upon the aggrandizement of their 
empire, and extending the terror of their arms, bad 
no leisure for the peaceful pursuits of science, and 
were long ere they aspired ID the glory of being 
learned and enlightened. Julius Cassar was the 
first among them, who, to his other extraordinary 
qualities, added an eminent Jcnowledge of the 
sciences of astronomy and mathematics. 

'' Amidst the htirry of tumultuous war> 

Tlie stars, the gods, the hea^'ns, were still his care ; 
Nor did his skill to fix the ndling year; 
Inferior to Eudoxus' art appear." 

LUCAN. 

The state of the calendar particularly engrossed 
his attention, and being convinced of its irregu- 
larity, he was immediately determined to reform 
it To assist him in this undertaking, he made 
choice of Sosigenes, a celebrated mathematician of 
Alexandria in Egypt i who found, that the dispen* 
sation of time could never be settied upon any sure 
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footing, without having regard to the annual revo- 
lution of the sun; and as this revolution is found 
to be completed in three hundred and sixty-five 
days, and about six hours, he made the year to 
consist of three hundred and sixty-five days, for 
three years successively, and every fourth year of 
three hundred and sixty-six, in order to take in the 
odd six hours. 

This reformation was made in the year of Rome 
708, about forty- five years before the birth of 
Christ ; and as it was computed that near ninety 
days had been lost by the former method of reckon- 
ing, these were now taken into the account, and 
the first Julian year was made to consist of four 
hundred and forty-four days ; which was, there- 
fore, called Annus Confusionis, the year of confu- 
sion. After this, the beginning of the year was 
fixed to the first of January, and each of the 
months, except February, were divided into thirty, , 
or thirty-one days, as they are at present; the 
reason of which distributioi^ seems to have been 
a desire of preserving, as much as possible, an 
equality among the months ; and to make them 
nearly agree with the lunar months, which consist of 
about twenty-nine days and a half. The odd day, 
which arises out of the six hours above-mentioned, 
was introduced into the calendar every fourth 
year, by reckoning the twenty-fourth of February 
twice over ; and as this day, in the old account, 
was the same as the sixth of the calends of March, 
which had been long celebrated on account of the 
expulsion of Tarquin, it was called, bis Sextas ca 
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lendas Martii ; from which we have derived our 
name of Bissextile, or Leap*year. 

Julius Cflssar was born upon ^ fourth of the 
ides of the month QuintiUs, and after his death, 
' Marc Antony, who was one of the Triumvirate, 
ordained that the name of this month should be 
changed to that of Julius, in honour of his pre- 
decessor. The name of the month Sextilis was 
also changed to that of Augustus, in meaiory of 
the emperor of that name ; and these appellations 
have been retained ever since. But Nero, who 
had given his name to the month April, and Do- 
mitian, who had given his to the month October, 
were soon deprived of these honours; for after 
the death of those tyrants, their names were taken 
from the calendar, and the former ones reinstated. 

The Julian account, as this method of reckon- 
ing has since been ca^ed, though far superior to 
any that preceded it, was, however, still imper- 
fect : for as the time in which the sun performs 
his annual revolution, is not exactly three hun«> 
dred and sixty*five days^six hours, but three hun- 
dred and sixty-five days, five hours, forty-eight 
minutes and fifty-one seconds and a half, the civil 
year must, therefore, have exceeded the solar year 
by eleven minutes, eight seconds and a half; 
which, in the space of about one hundred and 
thirty years, amounted to a whole day : and, con- 
sequently, in forty-seven thousand four hundred 
and fifty years, the beginning of the year would 
have advanced forwards through all the seasons; 
SQ that in half this space of time the summer 
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solstice, according to the calendar, would have 
fallen in the midst of winter, and the earth been 
covered with frost, when the bloom of vegetation 
was expected. 

It is not to be imagined, that Sosigenes was 
totally unacquainted with this error ; but he pro- 
bably thought it much smaller than it really is, 
and on that account neglected it. . The true length 
of the solar year had not yet been accurately de- 
termined ; and as it was only from a sensible anti- 
cipation of the seasons, that the civil reckoning 
could appear defective, the Julian account was 
long considered as perfectly consonant with the 
course of nature; and all the states of Europe 
confided in it, as one of the most exact and just 
estimations of time that could be devised. Some 
irregularities were occasioned, soon after the 
death of Caesar, by the negligence of the pontiffs, 
who had not observed the established method of 
intercalating the odd day ; but from the time of 
Augustus, who corrected these errors, to about 
the middle of the sixteenth century, it does not 
appear that the calendar had been subject to any 
alteration. 

Among the first of those who discovered its im* 
perfections, were our countrymen the venerable 
Bede, Sacro Bosco, and Roger fiacon. Those 
great men, who were the ornaments of the times 
in which they lived, had observed that the true 
equinox preceded the civil one, by about a day in 
a hundred and thirty years. And as the council 
of Nice, which was held. in the year SS5, had fixed 
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the vernal equinox to the twenty-first of March, 
k was accordingly found, that from that time to 
the year 1582, when the next reformation was 
effected, the error occasioned by this means, 
amounted to about ten days ; so that the vernal 
equinox was now found to happen on the eleventh 
of March, instead of the twenty-first, as it ought 
to have done, had tlie Julian account agreed with 
the course of the sun. 

This constant anticipation of the equinox, which 
in the course of more than a thousand years, had 
become too obvious not to be noticed, was first 
represented to the councils of Constance and 
Latran, by two cardinals, Ailli and Cusa, wbo; 
showed the cause of the error, and the . means of 
correcting it. And in the year 1 474, Pope Sixtus 
IV. being convinced of the necessity of a reform 
mation, sent for Regiomontanus, a celebrated ma- 
thematician of that time, to Rome, and . presented 
him to the archbiahoprick of Ratisbone, in order to 
engnge him in this undertaking ; but as ,a prema- 
ture death prevented his assistance, the project 
was, for that time, suspended. 

The necessity of some alteration was, however, 
still insisted upon : and about . a hundred years 
afterwards, Pope Gregory XIII. had the honour 
of accomplishing what several preceding pontiffs 
and councils had attempted in vain. A plan, 
which was presented to him by Aloisius Luilius, a 
Veronese physician and astronomer, after being 
examined by the most able mathematicians of that 
time, was sent to all the princes in Christendomi 
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for their advice and assistance ; and as the execu- 
tion of it appeared to be attended with little diffi- 
culty, it met with general approbation. A coun* 
cil, therefore, of the most learned prelates, was 
convened by the pope, and the subject being 
finally settled, a brief was published in the month 
of March, 158S, by which the use of the ancient 
calendar was entirely abrogated, and the new one 
substituted in its stead. 

This was called the Gregorian account, or New- 
Style ; and as it is that which is at present in use 
throughout the greatest part of Europe. I shall 
endeavour to give you as familiar an account of it 
as possible. The first object of the reformers, 
was to correct the errors of the former method of 
reckoning, and to make the length of the year 
agree more exactly with the course of the sun. 
For this purpose it was agreed^ that the ten days, 
which had been gained by the old account, should 
be taken from the month of October, of the year 
then current, and the equinox brought back to the 
twenty-first of March, as it had been settled by the 
Nicene council. And, that a like variation might 
not happen in future, it was ordered, that instead 
of making every hundredth year a bissextile, as 
it was in the former method, every four hundredth 
year only should be considered as a bissextile, and 
the rest of the even centuries be reckoned as com- 
mon years. 

. The length of the solar year, and the time of 
the vernal equinox, were by this means very ac- 
curately settled ; for as a day was gained, by the 
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former method of reckoning, in every hundred 
and thirty years, this was nearly equivalent to a 
gain of three days in every* four hundred years; 
and consequently, by making the yearsr 1700, 
1800, and 1900, to be common years instead of 
Leap-years, as they would otherwise have been, 
the error arising from the odd time would be pro- 
perly corrected. But this was a part of the sub** 
ject that was easily accomplished ; the great dif* 
ficulty consisted in making the lunar year agree 
with the solar one, and in settling the true time 
for the observance of Easter, and other moveable 
feasts, which had hitherto been subject to no regu* 
lar rule. 

It was ordered by the council of Nice, that 
Easter should be celebrated upon the first Sun^ 
day, after the first full moon, next following the 
vernal equinox. And in order that this rule might 
be properly observed^ it became necessary to 
know the days when the full moons would happen^ 
in the course of every yea:r« But this was a know- 
ledge that was not easily obtained ; for the period 
formerly established by Meton, a celebrated Greek 
philosopher and matbematician,.^icfa made nine- 
teen years exartly equltl to two hundred and 
thirty-five lunations, or revolutions of the moon^ 
was found to be too long by about one hour and 
thirty-two minutes : and, consequently,^ after sixr 
teen of these periods, the true phases Qf the moon 
would precede those shown by the calendar, by 
more than a whcde day. 

At the time when the Gregoriaa account first 
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took place, the error occasioned by this means 
amounted to about four days ; and had the old 
method of computation prevailed, the calendar, in 
time, would have announced the full moon at the 
time of the change, and Easter would have been 
celebrated at a period directly opposite to that 
established by the church. To correct these 
errors, therefore, it was necessary that some other 
method should be devised, than that which had 
been hitherto in use ; and as the old lunar cyde 
of nineteen years had a particular property, which 
had not yet been noticed, Luilius had the good 
fortune to discover it, and to make it subservient 
to the purposes required. 

The new and full moons, which according to 
Meton, were imagined to happen at exactly the 
same time as they had nineteen years before, were 
usually indicated in the following manner ; it was 
observed on what day of each csdendar month the 
new moon fell, in each year of this peiiod, and 
against those days they placed the number answer-* 
ii^ to that year, reckoning from one to nineteen, 
through all the years of the cycle. And those 
numbers, on account of their great usefulness, were 
called Primes, or Golden Numbers ; but as Lui** 
Uus found them to be. erroneous and inconvenient, 
be rejected them, and macte use of others, called 
Epacts, in their stead. 

The epact, is the difference between the solar 
year and the* lunar one; or, which is the same, it is 
the moon's age at the end of the year. But, in 
Older thstt this may be belter understood, I shall 
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illustrate it by an example. Suppose, therefore, that 
at any particular time, the new moon was to happen 
on the first of January, the epact for that year would 
then be nothing. And as twelve lunations are com* 
pleted in three hundred and fifty-four days, it is 
plain, that the epact, or moon's age, at the begin- 
ning of the second year, would be eleven; at the be- 
ginning of the third year, twenty-two ; and at the be- 
ginning of the fourth, thirty-three. But as the time 
of one lunation is never more than twenty-nine 
days and a half, the epact cannot possibly exceed 
thirty; in this case, tha*efore, thirty must be sub- 
tracted ; so that instead of thirty-three, at the be- 
ginning of the fourth year, the epact will be only 
tiiree. And by observing this rule, through a 
period of nineteen years, the epacts will stand in 
the following order, 0, 1 1, 22, 3, 14, 25, 6, 17, 28, 
9, 20, 1, 12, 23, 4, 15, 26, 7, 18. 

These epacts being placed against the days of 
the month in the calendar, on which the new 
moons fell in each year, would have answered the 
same purpose as the golden numbers ; and had 
the Metonic cycle been complete, the form would 
have required no alteration : but this is not the 
case; for after about sixteen of these periods, or 
three hundred years, the new moons, arriving 
sooner by twenty-four hours, would happen on 
the preceding day ; and therefore the epacts an- 
swering to those new moons, ought to be aug- 
mented by unity. For supposing that the second 
year of the lunar cycle had eleven for the epact, 
then because the new moon, in the preceding year, 
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arrived eleven days before the end of December, 
after three hundred years, the same new moon, 
of the first year of the cycle, would arrive twelve 
days before the end of the year ; and consequent- 
ly the second year ought now to have twelve for 
the epact. 

This number twelve, therefore, will be the index 
of the new moons in that second year ; and it is 
easy to perceive, that all the new moons which 
happen sooner by a day, will take place upon the 
day preceding that which, in the former period, , 
was marked eleven. After three hundred years 
more, the epact will be thirteen, which will be a 
day still preceding that in the latter period : and 
the same will happen with all the other epacts of 
the cycle. It was this kind of analysis, that gave 
Luilius the idea of placing the epacts in their na« 
tural order, against the days of the new moons in 
every year, for the first three hundred years ; and 
after that period, to place them in the order 1, 12, 
23,4, 15, 26, 7, 18, 29, 10, &c. instead of the for- 
mer ooe : and so on. 

This arrangement was simple and ingenious; 
but the omission of three days in every four hun- 
dred years, was a circumstance that occasioned 
some embarrassment. These years, having a day 
less than in the Julian account, the new moons 
would happen a day later> and consequently the 
epact, at the end of the year, must be diminished 
accordingly. But as this order is only interrupted 
once in a hundred years, Luilius imagined, that 
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by subtracting unity from each of the epacts be** 
longing to those new moons, they might be made 
to serve for the subsequent century. And as 
there are only thirty possible series of these num- 
bers, it was sufficient to show by a table, what 
series belonged to every century ; by which the 
times of the new moons might be readily dis* 
covered. 

This is a concise account pf the Gregorian re- 
formation ; and ' if you are desirous of further in« 
formation, I must refer you to works written ex* 
pressly upon the subject; for to have given a mi^* 
nute detail of every -particular, would have re- 
quired a large volume. If what has been said, 
however, be properly attended to, it will . enable 
you to form a general idea of this intricate busi- 
ness ; which, as the matter is now fully settled, & 
all that is requisite. It only remains just to menr 
tion, what reception this alteration of the style met 
with,, from the "different states df Europe. 
- Pope Gregory ordered all the ecclesiastics uQr 
der his junsdiction to conform to this new method 
of reckoning, and exhorted the Christian princes 
to adopt it in their dominions. But the protest- 
tant states, at that time, refrised it ; the reformed 
religion being, in its infancy, the zeal of its profes* 
sors was violent, and their opposition to the pope 
unbounded : whatever bore the appearance of his 
authority, was rejected as an . unwarrantable en- 
croachment upon their aewly-acquired liberties; 
and though the propriety of the alteration was a&» 
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knowledged, it was condemned on account of ita 
orginating with a party so extremely obnoxbus to 
them. 

. But the difference between the old and new 
style, as the Julian and Gregorian accounts are 
generally called, occasioned great confusion in the 
commercial affairs of the different states of Europe. 
In England, particularly, this inconvenience was 
considerably felt, and several attempts were accord- 
ingly made to introduce the reformed catendar ; but 
popular prejudices were too strong to be easily over- 
come. The mathematicians, indeed, more influenced 
by scientific considerations than cavils about points 
of religion, were continually urging the necessity 
of some correction, and {Nroposed several methods 
of obtaining it, which ' might be adopted without 
inflaming the. minds of the multitude. 

One of the most simple and ingenious of these, 
I shall just tnention; which was, that an act 
should be passed, declaring that there should be 
no leap-year for forty years to come ; by which 
means, the ten days, that had been gained by the 
old account, would have been imperceptibly lost, 
and the old style reduced to the new, without any 
sensible variation in the fixed time of feasts, and 
other observances. A proposal of this kind was 
sent to Dr. Wallis, then professor of Geometry at 
Oxford, for his opinion : but the doctor, with a 
narrowness of sentiment, which could scarcely 
have been expected from a man of his extensive 
erudition^ observed, that the proposal was specious 
enough in appearance, but that the hand of Joab 
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miglit be perceived in it* He imagined it to haye 
originated with the papists; and though he ac* 
knowledged its propriety, was yet afraid of its 
being adopted, lest it should open the door to fur- 
ther encroachments. 

But though all proposals were at that time re-* 
jected, yet those who wished for a reformationi 
still continued their applications; and in 1752, an 
act of parliament, after much debate, was obtain? 
ed for this purpose. And as a hundred and 
seventy years had elapsed since the Gregorian aU 
teration took place, the old style had consequent^ 
ly gained above a day more upon the course of the 
sun than it had at that time ; it was therefore en- 
acted, that instead of cancelling ten days, as had 
been done by the Pope, eleven days should be 
left out of the month of September ; and, accord- 
ingly, on the second of that month, the old style 
ceased^ and the next day, instead of being the 
third, was called the fourteenth. 

It may be observed, however, that the Grego- 
rian reformation met with many opponents from 
men of science; Maestlin, Scaliger, Vieta; and 
other mathematicians, attacked it with great vio- 
lence, and proposed methods of their own, which 
they ^considered as less exceptionable. But Cla- 
vius, to whom the care of this business was as- 
signed, after the death of Luilius, composed 
a large work in its vindication, and victoriously 
combated all his adversaries. Some defects, bow- 
ever, it must be acknowledged, are to be found in 
this method ; but the task of reformation was 
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difficult; the reformers had to choose among a 
number of inconvenience^, and they appear to have 
preferred the least considerable ; we ought, there- 
fore, to applaud them for their skill, rather than 
censure them for defects which no human abili- 
ties could have wholly avoided. 
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I 

OF THB MENSURATION OF THB BARTB. 

To measure the earth, and thence to determine 
its magnitude and figure, is one of the most 
astonishing enterprises, that ever was undertaken 
by man. Confined to a particular spot, without 
any other scale or model than his own proper 
dimensions, how is he to find the distances of 
places which he can never visit, and to. embrace 
the vast circumference of the globe ? The space 
he has passed through, may be estimated by the 
number of steps he has taken, and this will furnish 
him with some of the most simple measures, the foot 
and the yard ; the cubit. is also the length of his 
arm, from the elbow to the end of the middle finger; 
and the fathom, or toise, is the distance he can 
reach with his two arms extended ; but what are 
these small measures in comparison to the peri- 
meter of the earth ? They are but as a grain df 
sand to the largest mountain. Difficulties, how- 
ever, serve but as incitements to action ; and man^ 
instead of being confounded by' the inadequacy of 
his natural powers, finds a resource in his intelli- 
gence which supplies their defect : he multiplies 
small measures, till he arrives at the greatest, and 
forms to himself an unit, to which he refers all the 
parts of the universe. 

By means of chains and cords, which are cer- 
tain multiples of the toise, or the yard^ he obtaioi 
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an artificial measure more convenient than the na- 
tural one ; and with this new standard, repeated 
a certain number of times, in the same manner as 
before, he forms furlongs, miles, and leagues, and 
undertakes to measure such distances, as would be 
otherwise indeterminable. But this method is yet 
totally inadequate to the purpose required ; for if 
it were necessary to trace the whole circumference 
of the earth, in order to obtain its^ measure, the 
thing would be impossible ; mountains, rivers, and 
seas would be perpetual obstacles in our way; 
and uninhabitable climates would put an entire 
stop to our progress. In order, therefore, to sur- 
mount these difficulties, we must have recourse to 
Astronomy, which furnishes us with a method of 
measuring the circumference of the whole terra- 
queous globe, by only ascertaining the length of a . 
small arc of one of its great circles. 

But let us leave this part of the subject for the 
present, and attend to the steps which led to so 
important a discovery. It was the commonly re- 
ceived opinion, even so late as the fifteenth cen- 
tury, that the earth was a flat body, indefinitely ex- • 
tended, and covered by the sky, in the form of a 
vault or tent. And as this doctrine had received 
the sanction of some of the most respectable 
Fathers of the Church, and was thought to be 
founded on the authority of the Bible, but few, 
even among philosophers themselves, presumed to 
question its validity. But a very little time be- 
fore the discovery of America, the notion of the 
earth's having a globular form, was treated as an 

Q 2 
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UDpkHis nbsurdity. At leagtb, however^ reaflon, 
iod thevoyftge of Chrktoi^r Columbus, restored 
to tbe earth its spherical figure, which the ancieDt 
Egyptians and Cfaalde&ns had givea it ; and it was 
DOW generally believed to be a perfect globe, and 
that the stars made their revolutions round it in 
drcular (nrbits. 

Of this opinion were the greatest philosophen 
9f the age. A globe is the most perfect of all 
geometrical figures ; and the observed simj^kity 
of natuoei in moat, jof Her operations, seemed to 
fiiv»nr i&e idea of tbe earth's having such a form, 
This'jina^ary simplicity, however, proved to be 
afftlae light, which misled its followers. M. Richer, 
in a voyage made to Cayenne, near the et^aetw^ 
42ndertaken by order of Louis xrv., under the pro- 
tection of the greatr Colbert, among many other 
observations, found that the pendulum of his clock 
fux longer made its vibrations so frequently as in 
tbe latitude of Paris ; and tiiat it was absolutely 
n^^isary to shorten it by a line and a quarter, or 
a little more than tlie eleventh part of a Paris 
inch, in order to make it agree with tbe times of 
the stars passing tbe meridian. 

Natural philosophy and geometry wepe not 
then by far so much cultivated as they are at pm^ 
sent ; and who could have believed, as a celebrated 
writer has remarked, that from an observatioa so 
trifling in appearance,, could have sprung so sublinw 
and philosophic a truth. A pendulum, like any otiier 
falling body, is acted upon by tbe force of gravity ; 
$xhd, in consequence of Richer's discavery, it was 
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observed, that, since the gravity of bodies is by so 
much the tess powerful: ^9 those bodies inre farthet 
removed from the centre of the earth, the relgion of 
the equator must absolutely beieonskierftbly mord 
elevated than that of France; and that^ therefore, thti 
figure of the earth could not be that of a sphere. 

This reasoning, so very simple and nataral| 
escaped j however, some of the greatest philosopfa«fi 
of that time ; a certain proof that the strength of pii^ 
judice does not permit the slightest examination : 
they even contested Richer *s experiment. MetaU 
mre known to be lengthened by heat, and contracted 
by cold, and to this cause they attrtbuteil the diffac^ 
cnce which he had observed between the vibratioM 
lit Cayenne and at Paris. The most intense summer 
heat will lengthen an iron rod of thirty feet long, 
about the eleventh part of an inch ; but the que$^ 
tion here was concerning ao alteration, which waa 
afterwards found to be nearly twice as great as 
this, in a rod of Jittie more than three feet in 
length ; and, there&>re, this dilatation must have 
been owing to some other cause than that of heat 

Some years alter this:, Messrs. Deshayes and 
Varin, who were s^nt out by the French king, to 
make certain astronomical observations near the 
equator, found that the pendaluoi at Cayenne, re* 
quired to be shortened much more considembly 
than had been mentioned by Richer. He Imd ob- 
served, that it made a hundored and forty-eight vi* 
brations less in a day tfaan^ at Paiis, and that his 
clock was retarded, by that ineans, two minotes 
faiid twenty-eight seconda; but M* Deshayet found 
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a much larger difference, and was obliged to make 
his pendulum shorter by two lines, in order to 
make the time agree with that which was deduced 
from celestial observations. This difference be« 
tween the two observers may be easily accounted 
for ; Richer was struck with the singularity of the 
phenomenon, and, as is natural upon such occa- 
sions, examined it with timidity. He doubted 
whether his senses might not have deceived him, 
and endeavoured to see the least variation pos- 
sible. 

The truth of the experiment, however, has been 
since fully confirmed by the French academicians, 
in the account which they have given of their ex- 
pedition to Peru, in South America. They inform 
us that about Quito, at a time when it froze, they 
were obliged to shorten the pendulum for seconds 
about two lines, or the sixth part of an inch ; 
which puts it out of all doubt, that the alteration 
could not be occasioned by heat. The same phas* 
nomenon has likewise been observed at Martinique, 
at St. Domingo, at St. Helena, and at Goree, upon 
the coast of Africa, near the Cape de Verd islands ; 
in all which places it was found, that the alteration 
was the greater the nearer they were to the equator, 
and that it diminished as the observer approached 
towards the northern clhnates. 

The observations made at Cayenne, might have 
been considered as too local and. particular to have 
admitted of aoy satisfactory conclusion ; but as a 
like alteration was found to take place in so many 
different situations, we can no longer hesitate m 
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receiving it as a general phaenomenon, arising from 
an actual diminution of gravity, in those places 
where the experiment was performed. This dis« 
covery, trifling as it may seem, opened a new field 
of speculation to philosophical minds ; and there 
are, perhaps, few facts, in the whole circle of the 
sciences, from which so many curious and useful 
consequences have been derived. Some of the 
greatest mysteries in nature began now to be un- 
veiled : the philosopher extended his enquiries, 
and the mathematician demonstrated truths as 
sublime and important, as they were new and sur; 
prising. , 

Those great men, Newton and Huygens, were 
the first who perceived the extensive application 
of which this discovery was capable. They seized 
the new truth with avidity ; and, by following it 
through all its consequences, pbtained the solution 
of a problem, which seamed beyond the reach of 
human abilities. This was no less than the deter- 
mination of the true figure of the earth, which 
they discovered from mathematical considerations 
only; and notwithstanding all the light that has 
been .since thrown upon this subject, both from an 
actual mensuration of the earth, and from the la- 
borious researches of some of the first philosophers 
in Europe, the measure of Newton is generally 
considered as very accurate, and is still frequently 
used, in preference to all others. 
. To enter into all the calculations that were em- 
ployed in this enquiry, would be foreign to my 
purpose, I shall only give you an account of the 
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principles upon which tfaey were founded, and 
leave the rest nss a subject for your more mature 
consideration and reflection. It is a known pro^ 
perty of the pendulum, that, in small arcs, all its 
vibrations made in the same place are performed 
in the same time ; and that the time in which each 
vibration is performed, is in proportion to the 
square root of the length of the rod : thus in the 
latitude of London', a pendulum of thirty-nine 
inches and an eighth in length, makes its vibra- 
tions in a second ; and one of nine inches and 
three-quarters, makes its vibrations in half a se-^ 
cond; so that the shorter the pendulum, the 
swifter it moves ; and the longer it is, the slower 
it moves; the ratio being always the same as that 
before- mentioned. 

But the time in which any pendulum performs 
its oscillations, depends not only upon the length 
of that pendulum, but also upon the intensity of 
the force which impels it towards the surface of the 
earth. If this force be diminished, by any cause 
whatever, the body, having a less tendency to 
motion, will employ a longer time to move through 
the same space; and, therefore, in order that each 
vibration may be made in the same time as it was 
before, the length of the rod must be shortened ; 
by which a new velocity may be given to it that 
will be sufficient to supply the defect in point of 
gravity. This was exactly the case, in the expe- 
riments made at Cayenne, and other places near 
the Equator ; the observers were obliged to shorten 
the rods of their pendulums^ in order to make 
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them perforin their vibrations in the same time 
as at Paris ; and from this it was properly inferred^ 
that gravity, or the force that occasions their de- 
scent, had actually suffered a real diminution.(n) 
But by what cause is it, that gravity is less 
powerful under the equator, than at London oir 
Paris? This is the question, upon which every 
thing relating to the subject in question depends; 
Sir Isaac Newton considered it in the following 
manner. The diurnal rotation of the earth is per- 
formed round an imaginary line, which passes 
through the two poles ; and as the equator is far- 
ther distant from its centre, than any other circle 
which is parallel to it, it is plain, that those parts 



(if) The following Table exhibits, at one view, the propor^ 
tional lengths of a seconds pendulum, as deduced from ob* 
flervations made in diffisrent latitudes^ between the eq[uato^ 
and the pole $ that of Paris being taken as unity. 



Placet. 


Latitudes. 


Lengtlu. 


Peru 


0' 


00' • 


0*99669 


Porto BeUo . 


9 


33 • 


0*99689 


Pondicherry 


11 


55 • 


0-99710 


Jamaica 


18 


00 . 


0-99745 


Petit Goare . 


18 


27 . 


0-9974* 


Cape of Good Hop< 


e 35 


55 . 


0-99877 


Toulouse 


. 43 


35} • 


. 0-9995O 


Vienna . . < 


48 


12| . 


. 0-9998/ 


Paris 


. 48 


50 . 


1-00000 


<xotha 


. 50 


69 • 


1-00006 


London 


. 61 


30 . 


. 1 00^19 


Petersbui;g . 


5S 


IST • 


1-00074 


Ponoi • 


. 59 


5ej . 


. 1-00101 


Avengsberg • 


. 66 


471 . - 


100137 


Pello 


► 67 


4i . 


1-00140 
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of the earth which lie under the equator^ will move 
with a greater velocity than those which are nearer 
to the poles ; and of course, the equatorial regions 
will become more elevated than the polar ones ; so 
that if the earth were an entire fluid, and the wa- 
ters met with ho obstacles in their progress, they 
would recede from the poles towards the equator, 
and by that means flow in continually till they had 
formed an equilibrium, and could rise no higher. 

This tendency of bodies* to fly ofi* from the centre 
round which they move, is csdled the centrifugal 
force, the nature and existence of which, may be 
made evident in a number of ways. When a mop 
is turned, upon the arm, by a quick circular mo- 
tion^ the threads, or thrumbs, are observed to rise 
highest in the middle; ^and the swifter the mop is 
whirled, the greater will be the force, and the par- 
ticles will fly oflf with the greater velocity. The 
same thing is observable, when a stone is turned 
Swiftly round, by means of a ^ling ; the arm finds 
itself stretched by a considerable force, which 
force is exerted upon it by the stone, in its endea* 
vours to recede from the centre ; and if the stone 
be disengaged from the sling, by a sudden stop of 
the hand^ it will immediately manifest the ten- 
dency which it has to leave this constrained cir- 
cular orbit, by its proceeding directly forwards in 
a straight line. 

Besides this, there is another force, which is 
called centripetal; being so denominated, because 
it is directed towards the centre, and acts in direct 
opposition to the former. This force, in the pre- 
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sent case, is the same as gravity ; the nature of 
which may be thus explained. All heavy bodies, 
when left to themselves, ate observed to fall to- 
wards the earth in straight lines, which are per* 
pendicular to the horizon ; and if those lines w^re 
continued, it is plain, from the nature of a globe, 
that they >'ould all pass through the earth's cen- 
tre. Every part of the earth, therefore, gravitate^ 
towards the centre; and as this force is found to 
be about two hundred and eighty-nine times 
greater than the opposite one, or that which arises 
from the rotation of the earth upon its axis, a cer- 
tain balance will constantly be maintained betw*eeh 
them, and the earth will assume such a figure as 
would naturally result from the difference of these 
two contrary and opposite forces. 

Biot, in his Astronomy, illustrates this effect in 
the following manner. Let us consider two fluid 
columns communicating with each other, the one 
being placed in the plane of the equator, and the 
other in the direction of the poles, and each ex- 
tending from the centre to the surface of the earth. 
Now the particles which are found in the column 
at the equator will have a tendency, from the cen* 
trifugal force, to fly off from the axis of rotation, 
arid therefore their weight, or tendency towards 
the centre, will be a little diminished. The column 
of the poles on the contrary, having no centrifugal 
force, will obey the law of gravity only, which 
draws it towards the centre of the two columns^ 
This is therefore really heavier than the other 
column, and consequently an equilibrium cannot 
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take place between tbem, till the idecreaae in gra^ 
vity is compensated by an increase in length in the 
equatorial .column. And a similar effect must 
necessarily be produced in every column parallel 
to the equator; l)ut it becomes less and less as the 
centrifugal force diminishes; that is, a& we ap- 
proach nearer and nearer to the poles ; and hence 
k is obvious, that the equatorial regions of the 
earth ought to be the most elevated, and that thid 
elevation ought to diminish by insensible degrees 
from the equator to the pole. 

But as this illustration depends entirely upon a 
mental conception of the subject, I will endeavour 
to put it in another point of view, which will pro«* 
bably be more convincing. For this purpose, let 
AB, (Plateviii. fig. 1.) represent a beam sup* 
ported upon a fulcrum c, in such a manner ^s to 
admit of being whirled round in an horizontal di-^ 
rection. And let d and £ be two heavy balls, 
suspended from its extremities a and b ; which, 
while the beam remains at rest, will bang in the 
perpendicular directions ad and be. But if the 
beam be made to revolve about its centre c, the 
balls will fly off from their perpendicular direc- 
tion, at a less or greater angle according to the ve* 
locity of the beam, and will come into the directions . 
A^ and B€. And if now two other bails, as r and 
o, (Fig. 2.) be suspended at the equal distances 
OK and CL, these will also fly df in ^e directions 
K/and tgj Yilaking a less or g^lit^r angle with the 
perpendiculars kf and lg, according as they are 
iiearer to, or more remote from, the fulcrum c 
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Know, in order to apply this to the figure of 
the earth, we change the beam as (Fig. S.) for a 
semi-circular plane amb, which is free to revolve 
about CK as an axis, and suspend fi^om different 
points of its circumference a, k, l, M,^e. the same 
heavy balls by lines of equal length ; they wilt^ 
while the plane remains at r^t, form themselves 
into a sepnicircle d, f, g, e. But if now the planet 
ciTi, Bb be made to revolve about cm, they will fly 
off from their perpendicular, into the direction 
shown by the dotted lines in the figure ; those at a 
and B making the greater angle with their perpeQ«> 
diculars, and the angles of tl^ other diminishing a# 
they are nearer the centre of motion, as we have seem 
in fig. 2 above. And therefore, the curve passii^ 
through the several balls in their present positions 
at </,/, i, i», &C., will not be a circle but an ellipse) 
the longeiC^iftuDeteter of which will be de, and the 
sbortesi^itemi- diameter um ; tl^ former of which 
will represent the equitorial, and the latter the 
polar axis of the earth ; the difference of which 
will be greater or less, according, as this body re* 
YiAves with a greater or less velocity. 

It was by means of the results which I have 
mentioned ab^e, of the difference in the times oi 
vil^^tions of p^^idulums, in different latitudes, 
that Newtofi icwnd^ his sublime calculations 
upon this interesting i^bject ; and, as Fontenelle 
observes, determined the true figure of the earth 
without quitting his elbow-clair. The experiments 
of Richer, at Cayenne, first attracted his atten- 
tion ; and by applying himself to the subjeol^ ht 
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soon perceived the reason of all the phasnomena 
whkb that gentleman had discovered* As gravity 
is the same upon all parts. of the earth, and the 
centrifugal force is greatest at the equator, it is 
plain that the action of such a force must diminish 
the weight of bodies, and occasion them to fall 
with a less degree of velocity at the equator, than 
at places nearer to the poles. 

Newton and Huygens were both engaged in 
these enquiries at the sa4iie time, and the results 
of their calculations were nearly alike : they each 
of them separately considered, that this dinainution 
of gravity, which manifests itself in such bodies as 
are detached from the earth, and left to them* 
selves, must also have the same influence on the 
constituent parts of the earth, which, by their mu* 
tual coherence, compose the solid mass of the 
globe. From this obvious principle, which is 
agreeable to universal experience, it was discover* 
ed, that the centrifugal force lat the equator, is 
about a two hundred and eighty-ninth part of the 
force of gravity ; or, which ia the same thing, that 
a ^body weighing two hundred and eighty -nine 
pounds at the pole, would weigh only two hundred 
and eighty-eight at the equator. 

It has been estimated, that about two-thirds of 
the surface of the earth are covered by the ocean ; 
and as it is the nature of fluids, for their particles 
to be easily moved among themselves, they will 
yield and give way to the slightest impression. 
That diminution of weight, therefore, which arises 
from the action of the centrifugal force, will readily 
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manifest itself in all fluids ; and as it has been 
shown, that gravity acts less powerfully at the 
equator than at the poles, the waters will of course 
flow towards the equatorial regions, in order to 
balance those at the poles. But this elevation is 
not confined to the waters of the ocean ; the solid 
parts of the globe must also be subject to the same 
force ; for if the ladds which lie under the equator 
were not elevated in the same proportion with the 
waters, the ocean, leaving its bed, would submerge 
the continent, and the greater part of the torrid 
zone would be one continued sea. 

.This revolution, however, has not taken place. 
The East and West Indies, and a great part of 
the vast continents of Africa and America, lie in 
the neighbourhood of the equator, and are sufficient 
proofs, that the earth, in those regions, rises to de- 
fend itself against the invasions of the ocean. 
Every part of the globe, therefore, from the centre 
to the circumference, is subject to the action of a 
centrifugal force; and supposing the primitive 
figure of the earth to have been that of a globe, 
which is the shape it would naturally assume from 
the mutual attraction of its constituent parts, this 
force, or the action arising from a constant rotation 
upon its axis, would evidently change it into an 
obl&te spheroid, or a body formed by the motion 
of a seipi-ellipsis, revolving round its conjugate 
mxis. This was the figure determined by Newton, 
who found, by mathematical calculations, that the 
polar diameter of the earth is to the equatorial, aii 
two hundred and twenty-nine is to two hundred 
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and thirty ; or/ that the regions of the equator are 
elevated about thirty-five miles more than those at 
the poles. 

Who could have imagined, that such a simple 
circumstance as the retardation of clocks in cer- 
tain climates, and the necessary shortening of the 
pendulum^ would have given birth to such a grand 
and important discovery, as that of the true figure 
of the earth ! But such is the wonderful connec** 
tion and secret dependence of things : nature h 
uniform in all her operations, and it is her peculiar 
excellence, that she often produces the greatest 
effects from the most apparently trivial causes. To 
discover this hidden correspondence, is the privi- 
lege only of superior minds ; and such is the igno* 
ranee and envy of the multitude, that the man who 
first announces these truths to the world, is often 
eopsidered as no other than a troublesome pro- 
mulgator of doubtful doctrines^ which serve only 
to disturb the peace and happiness of mankinds 
Newton, the great founder of modern philosophy » 
was more happily circumstanced ; he had the good 
fortune to live in an enlightened age, when bigotry 
land superstition were every^ day losing ground : his 
genius set him at such a hei^it above the rest of 
mankind, that common minds shrunk from his en- 
quiries, and but few, even among the learned, were 
proper judges of his merit. ^^ II a fallu (says Mons* 
Bailly) du tems et de longues Etudes pour com- 
prendre Newton, et se rendre digne de recevoir 
«es lemons." 

The figure of the earth, however, is a matbeoia* 
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tical truth, which is confirmed by analogy ; for by 
means of a good telescope, it is easy to perceive, 
that the planet Jupiter is flattened about his poles^ 
Jn nearly the same manner as has been asserted of 
our earth. What exists in one planet, therefore, 
is possible in another ; and as it appears highly 
probable that matter is every where endowed with 
similar properties, it is natural to infer that the 
same force which has compressed the globe of 
Jupiter, has also occasioned a like alteration in our 
earth. Jupiter is composed of a heavy matter, 
which is capable of attracting his satellites in the 
same manner as our earth attracts the moon; but 
as his rotation upon his axis is performed with a 
greater rapidity than that of the earth, so the al- 
teration in his figure is found to be much more 
considerable, as would naturally follow from such 
a motion. The relation of his diameters, accord- 
ing to Newton, is nearly as twelve to thirteen, afad 
the difference between his equatorial and polar 
diameters is about six thousand two hundred and 
thirty miles. 
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LETTER XVr. 

« 

tuK SAME SUBJECT continued- 
Let US now quit the researches of Newton, and 
see how far his mathematical deductions have been 
confirmed by experience. This is the true test of 
all hypothetical reasoning, and is what he himself 
layi down as the basis of every philosophical en- 
quiry. The great utility and impprtance of tjiis 
interesting subject was far from being unknownto 
the ancients. We are assured from the testimony 
of Herodotus, and other early historians, that at- 
tempts had been made to discover the true figure 
of the earth, by many of the most celebrated mar 
tbematicians of antiquity : Ptolemy, in his AU 
magest, has preserved the measures of Hipparchus, 
Eratosthenes and Posidonius, who all lived before 
the time of Christ ; and from what M. Bailly has 
advanced in bis Histoire de I'Astronomie Mq- 
derne, it appears highly probable, that this singu- 
lar enterprise had been undertaken in the still more 
remote ages of the world. 

But as all the determinations of the ancients are 
uncertain, on account of our being unacquainted 
with the length of their stadium, or principal mea- 
sure, I shall pass over the peculiar methods and 
operations they employed, and proceed to those 
of the modernsj which are far more accurate and 
scientific. Riccioli attempted to measure the earth 
according to a method m^otipned by Kepler, It 
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was known from observation, that heavy bodies, 
in falling, tend towards the centre of the earth. 
And as the distance of any two places upon the 
surface of the earth may be considered as the base 
of a triangle, wjiose vertex is at the centre, h^ 
measured a large base of this kind, in the most ac- 
curate manner possible, and found the angles which 
it made with a plumb line at each of its extremi- 
ties. The sum of these angles, by a property in 
geometry, being taken from a hundred and eighty 
degrees, gave him the angle at the vertex ; and as 
he had now obtained the measure of an angle at 
the centre of the earth, and the length of a corres- 
ponding arc upon its, surface, it was easy, by the 
rule of proportion, to find the length of the whole 
circumference. For, by the property of the circle, 
as the degrees in this angle are to three hundred 
and sixty degrees, so is the length of the base to 
the circumference required. 

This method of Riccioli, however, is more in- 
genious than accurate ; he wanted to measure the 
earth, without having recourse to celestial obser- 
vations ; but the independence to which he aspired 
was not to be obtained. Order and regularity are 
only to be found in the heavens ; and it is to them 
we are indebted for almost all we know of the 
earth. We are deceived by every thing around 
us; even our senses mislead us; and what we 
think ourselves the best acquainted with, frequent* 
ly proves to be an illusion. Objects seen at a 
distance never appear in their true places ; they 
are always more or less elevated, according to the 
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season, and the hour of the day ; and on this ac- 
count, it is not easy to determine either their true 
height, their direction, or the angle at the centre, 
M'hich depends upon this direction. By not attend-^ 
ing to these particulars, Riccioli was mistaken near 
six thousand toises in the length of a degree. 

The next who attempted to determine the cir- • 
cumference of the earth was Snellius, a German. 
He measured the distance between Alcmaer and 
, Bergen-op-zoom ; and by taking the celestial arc, 
which corresponds to this distance, with proper 
instruments, he found the length of a degree to be 
fifty-five thousand and twenty-one toises. But the 
person who engaged in this enterprise with the 
most success, was our countryman Mr. Richard 
Norwood. In the year 1635, he took the sun's 
altitude, when it was in the summer solstice, both 
at London and York, with a sextant of five feet 
radius, and by that means found the difference of 
latitude between these two cities to be two de- 
grees and twenty-eight minutes. He then mea- 
sured their distance, in the usual manner; and 
having taken into the account all the turnings and 
windings in the road, with the ascents and descents, 
he reduced it to an arc of the meridian, and found 
it to contain twelve thousand eight hundred and 
forty-nine chains ; which distance, being compared 
with the difference of latitude, gave him five thou- 
sand two hundr-ed and nine chains to a degree, or 
about sixty- five English miles. 

This method will want no explanation, if the 
two places h% considered as lying under the same 
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meridian, Mrhich indeed is nearly the case ; for then 
the terrestrial and celestial arcs will exactly cor- 
respond with each other, and the relation of either 
of them to the whole circumference will be readily 
found. The same thing may also be easily per- 
formed, by trigonometry, when the two places lie 
under different meridians ; for if we measure the 
distance of any two objects, and take the angles 
which each of them make with a third, the triangle,, 
formed by the three objects, will become known ; 
so that the other two sides may be as accurately 
determined by calculation, as if they had been ac« 
tually measured in the same manner as the first. 
And by making either of these sides the base of a 
new triangle, the distances of other objects may 
be found by trigonometry as before ; and thus, by 
a series of triangles, connected together at their 
bases, we might measure the whole circumference 
of the earth. But this would be an enterprise as 
useless as it is laborious : for since we know the 
relation which any part of a circle bears to the en- 
tire circumference, the measure of a few degrees, 
or even of one single degree, will be sufficient to 
give the measure of the whole. 

All the measures, however, that had been hitherto 
taken were subject to many inaccuracies, on ac- 
count of the little attention that was then paid to 
the oiceties of instrumental observations. The 
means of precision, which have since been found 
so necessary to an exact investigation of this deli-* 
cate subject, were then wanting; and without 
them, it was impossible for either genius or mdus- 
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try to avoid considerable errors. By applying the 
telescope to the quadrant, and furnishing it with 
a micrometer, we are able to direct it with more 
certainty to the object, and to find the measures 
of angles with far greater exactness than could 
have been done by those who were unacquainted 
with these admirable inventions. 

The Academy of Sciences at Paris, perceiving, 
from these considerations, the necessity of a new 
measure of the earth, represented the execution of 
it as a matter of national honour and importance. 
All the states of Europe were now enjoying the 
blessings of a profound peace ; and in this interval 
of'faappioess and repose, when the voice of genius 
could be heard, and the talents of individuals 
united^ and directed to one object, the Academy, 
with a zeal not always to be found in large bodies 
of men, were unanimously disposed to encourage 
and assist in the undertaking. This was a moment 
' favourable to the sciences ; both the king and his 
ministers were men of liberal and enlarged minds; 
improvements were constantly made in every 
branch of useful knowledge, and genius had some- 
thing more than empty praise, as a reward for its 
labour. 

M. Picard was the person employed to per- 
form this important business. He began by 
measuring the distance between Villejuif and 
Juvisy ; (PI. ix. fig. 3.) and this base, which he 
found to be five thousand six hundred and sixty* 
three toises, was the one to which he referred all 
his calculations. He next placed himaelf at Juvisy^ 
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and by directing the telescopic sights of his qua- 
drant^ the one to the wind-mill at Villejuif, and tht^ 
other to the spire of the church at Brie, be mea* 
sured the angle subtended by these two objects^ 
Leaving his present station, he removed himself to 
Villejuif, and, by measuring the angle between 
Juvisy and Brie, the. distance between Villejuif 
and Brie was found, by calculation, to be eleven 
thousand and twelve toises. Of this distance he 
made a new base ; and by forming a second tri- 
angle between Brie, Villejuif and Monthleri, h« 
found the distance, in like manner, between Brie 
and Monthleri^ to be thirteen thousand one hun^ 
dred and twenty-one toises. He then formed a 
third triangle between Monthleri, Brie and Mon- 
jay ; a fourth between Monthleri, Brie and Mai- 
voisine ; and a fifth between Monthleri, Monjay 
and Mareil ; and from all these measures, the dis- 
tance between Mareil and Mai voisine was found 
to be thirty-one thousand ^ight hundred and 
ninety-seven toises. 

In like manner, by means of thirteen triangles, 
he proceeded as far as Sourdon, near Amiens, and 
found the distance between Sourdon and Mai- 
voisine to be sixty-eight thousand four hundred 
and thirty toises. But as calculations are no less 
subject to errors than mechanical operations, 
Pica/d, in order to avoid every inaccuracy of this 
kind, took a new base near Sourdon, and fouml its 
length, both from a continuation of his trigonome-f 
trical operations, and from an actual measure- 
meat; and as these exactly agreed^ he could no 
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longer doubt the truth of his former calculations. 
For as the two bases were separated by so large a 
distance, it was impossible for them to corre« 
spond, but by a perfect exactitude in all the inter- 
mediate steps. 

This part of bis project being finished^ he had 
now got to reduce the distance between Sourdon 
and Malvoisine to an arc of the meridian. For 
this purpose, he placed himself at the Observatory 
at Paris, and found the angle which the sun's 
centre made with an object in the horizon, at the 
time of his setting; (PL ix. iig. 4.) for instance, 
with the spire of the church at Monthleri. And 
as this angle was known from observation, and 
the sun's motion being sufficiently understood for 
him to determine the angle which its centre made 
with the meridian at the time, of its setting, it was 
easy to find the angle which the spire of Monthleri 
makes with the meridian that passes by the Ob- 
servatory of Paris, Hence by a frequent repetition 
of these observations, as he followed the chain of 
his triangles, he assured himself of the direction of 
the meridian ; and, by that means, was enabled to 
draw it with more exactness in the chart which 
contained his operations. 

Having obtained this terrestrial distance to so 
great a degree of accuracy, he had only to find 
the celestial arc which corresponded with it This 
he did by observing the meridian distances of the 
same star, both from the zenith of Sourdon and 
Malvoisine, and taking their ditference; and as 
this difference, which he found to be one degree 
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eleven minutes and fifty-seven seconds, answered 
to a distance of sixty-eight thousand four hun- 
dred and thirty toises upon the earth, he con- 
cluded, by the rule of proportion, that the length 
of a degree must be fifty-seven thousand and sixty- 
four toises. But having connected Amiens to his 
series of triangles, and finding from this new mea- 
sure, that a degree would be fifty-seven thousand 
and fifty-seven toises, he took a mean between 
the two, and fixed his degree at fifty^seven thou- 
sand and sixty toises, or about sixty-nine and a 
half English miles. All the angles were taken 
with a quadrant of thirty-eight inches radius, pro- 
perly furnished with telescopic sights, and the 
zenith distances of the stars, with a sextant of ten 
feet radius ; so that with these instruments, and 
the known abilities of the observer, but little 
doubt could be entertained of the accuracy of his 
measures. 

But in order that this subject might be settled 
with the utmost precision possible, it was deter- 
mined by the French king, that the whole arc of 
the meridian, passing through France, should be 
measured in the same manner; and this great 
work, which was undertaken by Picard, De la 
Hire, and Cassini, was finished by the latter in 
the year 1718. H^ divided the meridian of France 
into two arcs, which were measured separately ; 
the one from Paris to CoUioure, had given him 
fifty-seven thousand and ninety-seven toises to a 
degree ; the other from Paris to Dunkirk, fifty* 
»U thousand niae hundred and sixty; and the 
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whole arc, from Dunkirk to CoUiourc, fifty-sevai 
thousand and sixty ; which was the same as had 
been before determined by Mr. Picard. 

These surveys were all undertaken upon a sup- 
position that the earth was a perfect sphere ; but 
the truth of this doctrine began now to be much 
controverted. Newton and Huygens had shown, 
from the known laws of gravitation, that the true 
figure of the earth was l^at of an oblate spheroid, 
flattened at the poles, and protuberant at the 
equator. Dominique Cassini, on the other hand, 
depending more upon the accuracy of his mea- 
sures> than upon deductions drawn from theore- 
tidal reasoning, asserted it to be that of a prolate 
spheroid, flattened at the equator, and protuberant 
at the poles. To decide this important question, 
which had now become a national concern, it was 
ordered by the French king, that a degree should 
be measured, both at the equator and the polar 
circle; so that from a comparison of these with 
that in France, the true figure of the earth might 
be determined in as exact a manner as possible. 

For this purpose, Messieurs Maupertuis, Clai- 
ratut, Camus, le Monnier^ and Outhier, were sent 
to the north of Europe, to measure the remotest 
degree they could reach ; and Messieurs Godin, 
Bouger, and la Condamine, to Peru, in Soutli 
America, to measure a degree near the Equator. 
The first of these companies began their operas 
fions at Tornea, near the Gulph of Bothnia, on 
the 8th of July, 1736, and after experiencing a 
i^riety of obstacles and inc<Hiveniences, ariskig 
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from the nature of the climate, finished them 
about the beginning of June, 1737. Maupcrtuis, 
soon after thfeir return to France, published an 
exact and interesting account of all their trans- 
actions; the result of which was, that the true 
length of a degree of the meridian at, or near, the 
polar circle, is fifty-seven thousand four hundred 
and twenty-two toises, or one hundred and seven 
thousand six hundred and sixty-six English feet 
and a quarter. 

The Academicians who were sent to Peru, in 
South America, had still greater difficulties to en- 
counter than their friends in Lapland, and were a 
longer time employed in their operations. They 
set out upon their expedition about a twelvemonth 
before the former, and did not finish their survey 
till the year 1741. The province of Quito was 
the place fixed upon as the properest for their 
purpose. Here they measured an arc of the me- 
ridian, of three degrees seven minutes and one 
second, and found it to contain one hundred and 
seventy-six thousand nine hundred and fifty toises; 
which being reduced to the level of the sea, and 
properly corrected, the first degree of the meridian^ 
from the equator, was thence found to be equal to 
fifty-six thousand seven hundred and fifty-three 
toises, or one hundred and six thousand four hun* 
dred and eleven English feet and seven-eighths. 

These measures afford a complete demonstra- 
tion that the earth is flattened at the poles, and 
protuberant at the equator. For had the figure of 
it been a globe, as was formerly imagined, a de* 
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gree of the meridian, in every latitude, would have 
been found of the same length ; and bad the figure 
been that which was given to it by'<]!assini, a de- 
gree at the polar circle would have been found less 
than a degree at the equator. But as a degree at 
the equator appears to be about five hundred and 
seventy-five feet five-eighths less than a degree in 
France, and about one thousand two hundred and 
fifty- four feet three -eighths less than a degree at the 
arctic circle, it is easy to show, that the figure of 
the earth must be nearly the same as it was as- 
signed by Newton. 

Besides this, it may be observed, that several 
very exact measurements, of the same kind, have 
since been made in England, France, and other 
parts of the world, all of which, when taken toge- 
ther, fully confirm the theory here laid down. 
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LETTER XyiL 

OF THE DISTANCES AND MAGNITUDES OF THE SUN, 

MOON, AND PLANETS, 

It was a question, put by Mr. Molineaux to Mr. 
Locke, whether a blind man, who bad been taught 
to distinguish a globe from a cube by the touch, 
would be able, if he could be made to see, to tell 
which was the globe and which the cube, by the 
use of his sight only. This question he answered 
in the negative ; and, in his celebrated Essay on 
the Human Understanding, has shown that a per- 
son, so circumstanced, could have no dependence 
whatever upon his newly acquired sense, but 
would find himself totally unqualified to judge 
either of the situation and distance of objects, or 
of their magnitude and figure. 

A young man, who had been born blind, had 
the use of his eyes given to him by Mr. Cheselden, 
an eminent surgeon of that time, and all the ideas 
of the youth, on whom this singular operation was 
performed, were in favour of Mr. Locke's opinions. 
At the age of about fourteen years,- he saw the 
light for the first tinje in his life ; and was so per* 
plexed and embarrassed with eviery thing about 
him, that he scarcely knew what to make of his 
new situation. For a long time, he could form no 
judgment of things by the use of that sense alone. 
An object of an inch in diameter, placed befpre 
his eyes, which concealed a bouse from his aight, 



254 DISTANCES AND MAGNITUDES [tET. XVII- 

appeared to him as large as the house. What- 
ever he saw, seemed to be upon his eyes, and to 
touch them, as the objects of the sense of feeling 
touch the skin. 

It was also observed, that what he had judged 
to be round, by the help of his hands, he could 
not distinguish from what he had judged to be 
f quare ; nor could he discern by his eyes, whether 
what his hands had perceived to be above or be- 
low, was really above or below. It was not till 
after two months experience, that he could tell 
pictures from solid bodies ; he thought bodies, and 
not surfaces, were in the painted canvas ; and 
when he applied his hand to them, was amazed to 
find that they vanished from his touch. He was 
continually asking which of the senses it was that 
deceived him, that of feeling, or that of seeing. 
Nor could he understand how it was possible for 
the house he was in to be larger than his chamber; 
and even after he had acquired the proper usie of 
his ^yes, he was at a loss to conceive how sight 
had given him that idea. 

This was an indisputable decision, that the 
manner in which we see objects is no immediate 
consequence of the angles formed in our eyes ; for 
the same angles were formed in the eyes of this 
young man, but they were of no use to him without 
the aid of experience, and the other senses. In 
what manner then do we represent magnitudes and 
distances to ourselves? and how do we judge of 
the figure and situation of objects ? Certainly by 
the joint use of the s^ns^s of seeing and feeling to^ 
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gether, and not by means of either of them sepa* 
rately employed. Neither the touch, nor the sight, 
can any more convey an idea of the figure or mag- 
nitude of a body to the mind, than the taste can 
convey an idea of colour. 

After having acquired these ideas by experiience, 
the mind has received impressions which remain 
with her for ever afterwards. Being now enr 
lightened and instructed, she forms a judgment 
without entering into all the circumstances and de« 
ductions that were necessary for her first informa* 
tion ; and, like a skilful artist, employs the fewest 
means to attain the end proposed. Having 
thoroughly acquainted ourselves with the objects 
around us, we find connections and relations that 
enable us to form a judgment of those that are 
more remote ; and by creating to ourselves arti* 
ficial organs, which supply the defects of the na-< 
tural ones, we extend our faculties beyond the ap- 
parent limits prescribed to them by nature, and 
subject the sense of feeling to the sense of i^ight. 

Astronomy has enlarged the sphere ofour con- 
ceptions, and opened to us an universe without 
bounds, where the human imagination is lost. 
Surrounded by infinite space, and swallowed up in 
an immensity of being, man seems but as a drop of 
water in the ocean, mixed and confounded with 
the general mass. But from this situation, per- 
plexing as it is, he endeavours to extricate himself^ 
and by looking abroad into nature, employs the 
powers she has bestowed upon him in investi- 
gating her works. He proportions his own dura- 
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tion to that of the world ; and representiog to him-* 
self the insensible flux of time by similar analogiesi 
he forms an idea of things which haye no imme- 
diate existence, and places before his mind a pic-^ 
ture of the past, present, and future state of the 
world. 

These are the fruits of genius and curiosity. To 
an active and persevering mind apparent impossi- 
bilities become probable : where the will and de- 
sire are not wanting, we are always able to extend 
the circle of human activity beyond its ordinary 
limits. The progress of reason, and the powers of 
the imagination, are almost without bounds ; and 
if we add to these, the invention of instruments, 
which are so many new organs of power and per- 
ception, man becomes a being worthy of admira- 
tion. He increases his strength by the assistance 
of the elements, augments and multiplies the. 
powers of bis senses, assures himself of their truth, 
and conrecte their errors ; and by this weans 
creates to himself a new being, and adds to his fa- 
culties an extension and exactitude which nature 
seemed to have denied him. 

It should appear, that Astronomy depends al- 
together upon the sight. This is the most exten- 
sive of all our senses : it transports us every where, 
and enables us to enjoy the entire spectacle of the 
universe. 

^' Takes in> at once, the landscape of the worlds 
At a small inlet, which a grain might close. 
And half creates the wpnderout world we see.** 

Yot7«e. 
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But this sense, like all the rest, is subject to 
delusion ; and requires frequent correction before 
it can give us a perfect idea of the situations, mag- 
nitudes and distances of bodies. Of those objects 
that are. near to us we may form a conception, by 
subjecting them to a rigorous examination; but 
when they are inaccessible, and we have no means 
of transporting ourselves to them, it would seem 
that we have artrived at the utmost limits of Qur 
knowledge and power. When we look at the 
heavenly bodies, the sight represents them as very 
small, and the mind, at the same time, conceives 
them to be very large; but how do we know that 
they are in reality large ? How is it that the mind 
contradicts the senses ? And how, in this immense 
abyss of space, can we contrive to reconcile them 
to each other ? 

Some of the most simple contrivances have fre- 
quently given birth to the noblest inventions of art. 
We touch with a stick what we cannot reach with 
our hands, and this gives us an idea of distance 
and solidity, without approaching the object. A 
rod of wood, or metal, pointed towards the sun, or 
a star, in like manner, shows its direction ; and 
by means of the visual ray, w^hich passes along the 
rod, from the object to the eye, we obtain an idea 
of its situation ; and thus assure ourselves of a 
truth, which the unassisted sight could never have 
acquainted us with. 

But this is sufficient only for determining the 
direction of a single object ; when there are tw o 
objects, or only one of a certain extension, it will 

s 
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inform us neither of their distance nor magnitade. 
We must now have t\vo rods, or an instrument 
with two branches ; and by directing the sight suc- 
cessively along each of these rods, their inclinatioq 
or opening will present us with an exact measufci 
of their distance. Bat how, it may be asked, can 
an angle determine the distance of objects ? This 
is a new mode of measuring, apparently foreign 1o 
the purpose : lines are measured by other lines, of 
a certain length, surfaces by squares, and soli(}4 
by cubes, or by their weight; but here the meBr 
sure is an angle. How is the quantity of this 
angle to be determined } and when the quantities 
are different, how are they to be cprppar^ to- 
gether ? 

These inventions are the produce pf genius mi 
penetration, their excellence being hid in the ^ji^-^ 
plicity of the operf^tions. If we represent to opr- 
splves the time when Geometry was in its infimcy, 
ivhen men were not accustoiped to consider the 
properties pf figures, we may easily perceive how 
much they must have been embarrassed with these 
difficulties, and what talents and industry it re- 
quired to conquer them. It must, utidpubtedly, 
have been the work of time ; many attempts, f^nd 
mftny preliminary inventions, mu^t have been 
previously thought of; whicb would be difficult 
because they were the first, and sublime because 
they were simple. 

Simplicity is, at present, reckoned the supreme 
merit of all new inventions ; and this is only to be 
obtained by superior minds ; all great discovers 
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are generalty preceded by tedious efforts, and a 
l<»g complication of circumstanees, M^hich are often 
foreign to, the purpose, but ending at last in a 
simple and happy conclusion which was never ex-* 
pected. If this be the case now arts and sciences 
have arrived to such a degree of perfection, and 
when minds are enlightened by a free cofnmunica* 
tion with each other, how must it have been when 
the arts were in their infancy, and a single solitary 
genius was combating the prejudices of a gross 
multitude, who^e ideas were as rude as their man- 
ners were barbarous. 

In examining our new instrument, it may be ob- 
served, that as two stars become more distant from 
each other, we must open the rods accordingly, 
9Xid make them recede farther from each other, by 
a movement of rotation, round that extremity 
which is common to them both. And by making 
them move entirely round the centre, we find that 
this revolution is always a certain fixed and in- 
variable measure. Whatever be the distance of 
the two stars, whether great or small, the opening 
of the rods will be always an assignable part of the 
whale revolution ; so that if the two rods be equal, 
and their extremities be made to move over a 
circle of wood or metal, the path described by them 
will immediately become^ known. And if the cir- 
cumference of this circle be divided into equal 
parts, or degrees, we can tell what part of the circle 
the moveable rod has described ; and thus every' 
distance becomes measurable. 

It was no doubt these ideas that first suggested 

s 2 
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the construction of the quadrant, which is an in- 
strument of the greatest utility in astronomical ob- 
servations ; the most simple form of which is re^ 
presented PL x. fig. 4. It consists of a quarter 
of a circle abc, the circumferen.ce of which is di- 
vided into degrees and minutes. At the angular 
point is a pin Ay on which is suspended a plummet or 
small heavy body d, at the end of a fine thread ad; 
by means of which, and the two sights m^ tw, on the 
side AB, the altitude of any body may be readily 
determined. Suppose, for example, the altitude 
of the star s were required ; the oberver looking 
through the two sights m, m> brings them in a line 
with the star s; then marking the degree cut off 
by the plumb line ad, be- has at once the altitude 
required; for the angles sab and ead. being 
both right angles, if from each of these there be 
taken the common angle eab, there will remain 
the angle, of el^^yation eas, equal to the angle 

BAD, 

This simple, admirable instrument, and the mea- 
suring of celestial distances by means of angles 
formed by a circular movement, are contrivances 
of such extensive utility and importance, that they 
merit our highest encomiums. The authors of 
thes^ inventions improved the sciences, and ex- 
tended the circle of human intelligence. All that 
has been done since, has been only to advance a 
few steps farther in the same path. Our most in- 
genious and celebrated instruments are little more 
than this primitive instrument improved. The 
efforts and success of the modern^ cannot be too 
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much praised ; but if the labour of ages has en- 
abled us to correct our masters, we ought not to 
forget that they invented what we have brought so 
near to perfection. 

Of all the instruments of this kind, of modern 
invention, that known by the name of Hadley*s 
Quadrant is by far the most useful, in a portable 
form, of any that has yet been devised ; being now 
always used at sea for finding the latitude and 
longitude, and for other nautical purposes. But as 
it depends upon-optical principles, its construction 
cannot be conveniently explained in this place, 
without entering upon subjects with which you 
are at present unacquainted. It will therefore bei 
sufficient to observe, that of the several instruments, 
similar to those above-mentioned, that represented 
in PI. X. fig. 1. is justly esteemed the most accurate. 
This is generally called the mural arc, in conse- 
quence of its being fixed upon the face of a solid 
wall, to prevent any change in the position of the 
instrument. The observations are made by means 
of a telescope, which is fixed on and revolves about 
the angular point of the quadrant, and the degree of 
elevation of the object is marked on the limb, as in 
the preceding figure. This instrument, however, 
is commonly very large, and is made of brass or 
ot^er metal, which renders it very expensive ; so ' 
that it is seldom used except in observations, 
where the utmost accuracy is required. 

The transit instrument, for observing the exact 
time of the sun or a star passing the meridian, is 
also represented in PI, x. fig. S. This consists 
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of a telescope fixed very accurately in the plane of 
the meridian, and is supported by two strong stone 
pillars let into the ground, in order to prevetit any 
deviation in the instrument from that direction. 
It is moveable on an axis in this plane, and the 
degree of elevation of the object, is shown by an 
index at one of its extremities ; so that the transit, 
or passage of any body over the meridian may be 
accurately ascertained, tt whatever distance it may 
pass from the zenith. 

This being premised, tt may now be observed, 
that Astronoi^y furnishes us with a variety of me- 
thods for determining the distances of the cel^tial 
bodies ; but as many of them are involved in long 
calculations, which are intelligible only to mathe- 
maticians, I shall confine myself to those that ad- 
Biit of the most familiar explanation, and endea- 
vour, by that means, to scft the subject in so clear 
ft light, that you can no longer doubt of the possi- 
bility of resolving this curious problem. W^ will 
first begin with the moon : this planet is nearer to 
us than any of the rest, and the method of finding 
her distance from the earth being once known, it 
will be easy to perceive that the distance of any 
other planet may be determined in nearly the same 
way. 

The first thing to be done, itii the method I am 
about to describe, is to find the moon's horizontal 
parallax, or the difference between the place of the 
moon when she appears in the horizon, to a spec- 
tator on the earth's surface, and her place as it 
^ould appear to a speetator placed at the earth's 



]:,tT« xtii.] OF auk^ mook^ and plaiTets. Sl63 

centre. This problem is no less curioui^ than the 
one it is m^nt to elucidate : it is the same thing 
as to find the angle under which the semi-diameter 
of the earth would appear, at a certain time, to an 
observer placed at the centre of the moon. That 
this oan be done, must appear very extraordinary 
to a person unacquainted with astronomical prin- 
ciples ; but the determination, singular as it may 
seetA, is far from being impracticable. 

It will be Sufficient to show you the bare possi- 
bility of the thing, without entering into the minu- 
tiae of practice. For this purpose, let us suppose 
an observer to be placed upon any point a, of the 
equator bag, (PI. xi. 'fig. 1.) at the time the moon 
moves in the equitioctial vmp, then, as this latter 
circle is in the plane of the former, the moon will 
pass directly over his head, and descend perpendi- 
cularly to the horizon en. In this situation of the 
spectator upon the earth's surface at a, the moon 
will appear to have described a quarter of a circle, 
or ninety degrees, in passing from the zenith m to 
the sensible horizon at n; but to a spectator 
placed at the centre of the earth o, she would ap- 
pear to have described a quarter of a circle when 
she came to the rational horizon at p. But the 
moon revolves round the earth, from the meridian 
to the meridian again, in about twenty-fotir hours 
and forty-eight minutes ; she will therefore revolve 
from M to p in six hours and twelve minutes ; and 
if the time she takes in moving from m to n be 
found by observation, and taken from six hours 
twelve minutes, the time of moving from m to p. 
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the remainder will be the time employed in de-r 
scribing the arc np. 

Having thus found the measure of the arc np 
in time, we can convert it into degrees and . mi- 
nutes, as follows : As the time of describing the 
arc MN, which is found by observation, is to ninety 
degrees, so is the time of describing the arc n p, to 
the degrees and minutes in that arc. But this arc 
is the measure of the angle nop, or of its equal 
ONA ; for since the lines an and op are . parallel 
to each other, it is a known property of geometry, 
that the angle nop will be equal to the angle ona. 
This angle ona is called the moon*s horizontal pa- 
rallax, and as that is now found, we can easily de- 
termine the distance of the moon from the earth's 
centre. For it is a maxim in trigonometry, that 
when any three things in a plane triangle are known, 
except the three angles, the rest may be found by 
calculation. 

Now, in the triangle a on we have the side oa, 
equal to half the diameter of the earth, which, 
from an actual mensuration of the circumference, 
has been fouhd to be about three thousand nine 
hundred and sixty miles; the angle ona, or the 
moon's horizontal parallax, has also been found by 
observation ; and the angle oan is a right angle, 
because oa is perpendiculai: to the sensible horizon 
EN. Thcbe three things, therefore, are known, 
and afford sufficient data for determining the rest 
The side of the triangle on is the distance of. the 
moon from the centre .of the earth o; and this 
distance, by a single trigonometrical operation, i% 
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found to be, at a mean rate, about sixty semi- 
diameters of the earth, or, in rougd numbers, 
about two hundred and forty thousand miles. 

But the true quantity of the moon's horizontal 
parallax cannot be accurately determined by this 
method, on account of the varying declination of 
the moon, and the. inconstancy of the horizontal re- 
fractions, which are perpetually changing accord- 
ing to the state the atmosphere is in at the time. 
JFor the moon continues but for a short tinie in the 
equinoctial, ahd the refraction, at a mean rate, ele- 
vates her apparent place, near the horizon, half as 
much as her parallax depresses it. Astronomers 
have, therefore, thought of the following method, 
which is free from these objections, and if prac- 
tised by able observers, with good instruments, is 
. sufficient for determining the parallax and distance 
of the moon to a considerable degree of precision. 

I shall mention the most simple case first, and 
this will render the general method more clear and 
satisfactory. Suppose two observers were placed 
under the same meridian at a and b (PI. xr. fig. 2.) 
at jsuch a distance from each other, that the one at 
a sees the moon m in his horizon, whilst the othier 
at B sees her in his zenith ; then will the distance 
of the moon om, and the horizontal parallax oma, 
bfe easily determined. For the arc ab, which mea- 
sures the angle o, is equal to the difference of lati- 
tude of the two observers ; the side oa is equal to 
three thousand nine hundred and sixty miles, the 
same as before ; and the angle oam is a right angle. 
In the triangle mao, therefore, there is given one 
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side and two angles, and consequently the side ok, 
or the distHQce of the moon from the centre of the 
earthy may be found by trigonometry, as in the 
former exemoiple. And if the angle o be takeo 
from ninety degrees, it will give the angle ic, vfhUk 
IS the moon's horizontal parallax. 

This is the simplest solution the problem ad- 
mits of; but as it may not be easy to {^rceive how 
the two observers can be placed in the manner re- 
quired, I shall now give you a more general method, 
by which the distsmc^ of the moon from the earth 
may be determined, when the observers are situated 
at any two distant places under the same meridiaii. 
Suppose, for example, that the two observers were 
at the points a add b (PI. xi. fig. S.) whose dis^ 
tance ab, or their difference of latitude, has been 
previously found, by the rules already laid down 
for that purpose ; then if the zenith distances of the 
moon, ZM and ;^m, be each taken, with a good in- 
strument, at the moment when she passes the me* 
ridian zz^ the distance of the moon mo from the 
centre of the earth may be determined as follows. 

In the triangle abo, oa and ob are each equal 
to the radius of the earth, or three thousand nine 
hundred and sixty miles; and the an^e aob^s 
measured by the arc a b, which is the difference of 
latitude between the two observers at the time of 
observation. These three things therefore being 
known, the side ab, and the angles oab and oba, 
can be found by calculation. And if the angles 
MAZ and mb;^;, which are measured by the zenith 
distances mz and zu, be each taken from a hundred 
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and eighty degrees, the remainders will be the 
an^es oam and obm; for it is a known property 
in geometry^ that a line standing upon another line, 
makes with it two angles, which, taken together, 
flu^e ^qual to two right angles. 

From the angles oam and obm, thus deter^- 
oained, take the angled Oab and oba, which have 
been foand by caclulation, and there will remain 
the angles mab and mba : so that in the triangle 
AibUj we shall have these two angles, and the side 
Afi; and consequently the side mb may also be 
found as before. This is sufficient for our pur-> 
pose ; we have now, in the triangle omb, the two 
sides MB and bo, and the included angle obm, and 
therefore the side om, or the distance of the moon 
from the centre of the earth, may be det^mined. 
This mi^it, however, have been done in a shorter 
way, by first finding the horizontal parallax ; but 
as that method depends upon a theorem in tri- 
gonometry, the demonstration of which does not 
admit of a familiar explanation, I have chosen to 
follow rather a more prolix manner, for the sake 
of greater perspicuity. 
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THE SAME SUBJECT CONTINUED. 

The distance of the«sun from the earth might be 
determined in nearly the same manner as that of 
the moon, if his horizontal parallax wa^ not so 
small as to be scarcely perceptible ; for it is well 
known, that the angle osa, under which the semi- 
diameter of the earth would appear to a spectator 
in the sun> can never exceed nine seconds, or the 
four hundredth part of a degree. (PI. ±i. fig. 4.) 
And as a mistake of one second, in so small an 
arlgle, will occasion an error of about seven mil* 
lions of miles in the distance, it is easy to perceive 
what an extraordinary degree af skill it must re- 
quire, to surmount the difficulties attending thb 
delicate subject. 

But the mind grows stronger by frequent ex^ 
ertions, and genius and industry conquer difficul- 
ties apparently insurmountable. TheJvast bulk 
of' the earth has been accurately measured ; and 
the stars of heaven, that are visible to the naked 
eye, have been all numbered ; and the immense 
distance of the sun is now subjected to a rigorous 
calculation. By means of the transit of Venus 
over the sun's disc, which happened in the years 
1 76 1 and 1 769, this problem was resolved with a 
degree of precision, unlooked for by the Astrono- 
mers of ieincient times* The person to whom we 
are indebted for this excellent method, is Dr. 
Edmund Halley ; a man, whose skill and penetra- 
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tion in all mathematical and philosophical en- 
quiries, entitles him to an eminent place in the 
classes of literature and science. A few extracts 
ftom the Dissertation which he presented to the 
Boyal Society upon this subject, will show you the 
spirit of his method, and enable you to enter into 
the illustration of it with the greater facility. 

" There are many things, he observes, that ap- 
pear extremely paradoxical, and even quite in- 
credible to the illiterate, which yet, by means of 
mathematical principles, are easily solved. Scarcely 
any thing will be thought more hard and difficult 
than that of determining the distance of the sun 
from the earth; but this, when we are made ac- 
quainted with some exact observations, taken at 
placeis fixed upon, and chosen beforehand, for that 
purpose, may, without much labour, be easily 
effected. And this is what I am now desirous to 
lay before this illustrious Society, that I may ex- 
plain to young Astronomers, who may perhaps 
live to observe these things, the method by which 
the immense distance of the sun from the earth 
may be truly determined, to within, at least, a five 
hundredth part of what it really is. 

"The distance of the sun from the earth is, by 
various A&tronomers, supposed different, accord- 
ing to what was judged most probable, from the 
best conjectures they could form. Ptolemy, Co- 
pernicus and Tycho Brahe, imagined it to be 
about one thousand two hundred semi- diameters 
of the earth. Kepler thought it to be nearly three 
thousand five hundred ; :is hich distance is doubled 
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sufficiently accurate to be depended upon; for by 
this method of investigating the parallax, it will 
sometimes come out to be nothing, or even nega- 
tive; that is, the distance will either be infinite, 
or greater than infinite, which is absurd. And in- 
deed, to confess the truth, it is hardly possible for 
a person to distinguish seconds with certainty, by 
any instruments, however skilfully they may be 
made ; and therefore, it is not at all to be won- 
dered at, that the excessive nicety of this matter 
should have eluded the many ingenious endeavours 
of such able operators. 

" About forty years ago, when I w as in the 
island of St. Helena, taking a catalogue of the stars 
near the south pole, I had an opportunity of ob- 
serving the passage of Mercury over the sun*s 
disc, which succeeded better than I could have ex- 
pected ; for, by means of a telescope twenty-four 
feet long, I determined . the very moment when 
Mercury, entering upon the sun, seemed to touch 
bis inward limb ; and also, when in going off, it 
struck the limb of the sun's disc, forming the angle 
of interior contact ; by which means I found the 
interval of time, during which Mercury appeared 
upon the sun, even without an error of a single 
second of time. 

"For the lucid line, intercepted between the 
dark limb of the planet, and the bright limb of the 
sun, although exceedingly fine, may be easily seen 
by the eye ; and the little dent made in the sun's 
limb,^ by Mercury's entering, or leaving the disc, 
appears, in the first case, to vanish, and, in the 
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latter, to begin almost instantaneously. When I 
perceived this, it came immediately into my mind, 
that the sun's parallax might be accurately deter- 
mined by such kind of observations as these, pro- 
vided Mercury were nearer the earth, and had a 
greater parallax from the sun. But the difference 
of these parallaxes is always less than the solar 
parallax which we seek ; and therefore Mercury, 
though he may frequently be seen in the sun, is not 
to be looked upon as fit for our purpose. 

"There remains then, the transit of Venus over 
the sun's disc, whose parallax, being almost four 
times as great as the solar parallax, will cause 
very sensible differences between the times in 
which Venus will seemto be passing over the sun 
from different parts of the earth. And from these 
differences, if they be properly observed, the sun's 
parallax may be determined, even to a small part 
of a second. Nor are any other instruments re- 
quired for this purpose, than common telescopes, 
and clocks, which are good of their kind ; and in 
the observers, nothing more is requisite than fide- 
lity, diligence, and a moderate skill in Astronomy. 

" For there is no need that the latitude of the 
place should be scrupulously observed, nor that 
the hours themselves should be accurately deter- 
mined with respect to the meridian : it is sufficient 
that the clocks be regulated according to the mo- 
tion of the heavens, provided the times be ac- 
curately reckoned from the total ingress of Venus 
into the sun's disc, to the beginning of her egress 
from it ; that is, when the dark globe of Venus first 

T 
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be^Q« to toucl^ tl^c briglit IU9I7 pf t|^Q aqn witfiin; 
wl)iq^ mQi^ents I kaow, l^y my own experi^<^ 
miiy t>e obaerved to withia ^ second of time. 

" But on ficcount of the very strict Uwa l^y 
ifvhicb the mot^ms of tl^^ plwetsi cure regulate 
y^nus is seldom to be a^eq wit^^in tbe sun's disc ; 
mvi. during tb($ course of one; huudrf d and twenty 
yell's it coi^ld never tie once observed ; UfE^mety, 
from the ye^r 16S9 (when this inost pleasing si^^t 
happened to that e^cellfAt youth Horrox^ our 
countryman, and to him only since the creation) 
to tbe^ year I76I ; in which year^ ax:cQrding to the 
theories that hav^ been hitherto found agreeable t^ 
tfa^ celestial motions, Venua will again pass oyer 
tbie sun, on tb|e 26th of ^^y, ip the morning; so 
that at Liondon, about si]( o'clock in the mqruini^ 
we may expect to si^e her neiir the middle of ^ 
sun^s disc and aot abovq f9ur minutes 9f avde^^ee 
south of his centre. 

'^The whol^ duration of thia transit will be al- 
most eight hours ; namely, from two o'clock in 
the morning to a little before tein ; and th^^fore^ 
th^ ingress will not be visible in £ngland ; but ^ 
the sfun will, at ths^t tiuie, be in the sis^teenth de- 
gree of Gemini, having near twenty-three degr^s^ 
of north declination, il; will be. seen witliout setting 
in almost every part of the north frigid mne : ajg^^ 
therefore, the inhabitants of the coast of Norwi^f, 
beyond the city of Djontheim, as far as the Nor^ 
Cape, will be able to observe Venus entering tj^e 
sun's disc ; and perhaps . the iqgresjs of Vofins 
upon the sun, when rising, will bj^ s^jen \f^, the 
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Scotch in the northern parts of the kingdoai, and 
by the inhabitants of the Shetland Isles, formerly 
called Thule. 

*^fiut at the time when Venus^will be nearest 
the sun*s. centre, the syn will be vertical to the 
northern shores of the Bay of Bengal, or rather 
over the kingdom of Pegu, near the mouth of the 
Ganges; and, therefore, as the sun, when Venus 
enters his disc, will^ in the adjacent countries, be 
almost four boors towards the east, and as many 
towards the west . when she leaves it^ the apparent 
motion of Venus over, the solar disc will be aGce"" 
lerated by almost double the horizontal parallax 
of Venus from the siun ; because Venus, at that 
time^ is carried with a retrograde motion from east 
to west,, whilst a spectator, pKcedupon the earth's 
surface, is turned the contrary way, from west to 
east 

*^ Supposing, therefore, the sun's parallax to be 
twelve seconds and a half, as I have before con- 
jectured^ the parallax of Venus will be fiwty- three 
seconds ; from which, if the former be subtracted, 
there will remain thirty seconds and a half, for the 
horizontal parallax of Venus from the sun : and, 
therefore, at those places which lie near the tropic, 
the motion of Venus will be increased by that pa<- 
rallax forty-five seconds at least, whilst she passes 
over the sun's disc ; and still more so at all places 
which are situated near the neighbourhood of the 
equator* 

"Now Venus, at that time, will move on the 

T 2 
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sun's disc, very nearly at the rate of four minutes 
of a degree in a hour, and therefore eleven minutes 
of time, at least, are to be allowed for the forty- 
five seconds of a degree above-mentioned ; which, 
therefore, is the space of time the duration of the 
eclipse, caused by Venus, will, on account of th« 
parallax, be shortened. And from this diminution 
of the time only, we might safely enough draw a 
conclusion concerning the parallax which we are 
in search pf, provided the apparent diameter of 
the sun, and the latitude of Venus, were accurate- 
ly known ; but in a matter of such subtlety we 
cannot expect an exact computation. 

" We must therefore endeavour to obtain, if 
possible, another observation, to be taken in those 
places where Venus will be in the middle of the 
sun's disc at midnight ; that is, in places under 
the opposite meridian to the former ; or about six 
hours, or ninety degrees west of London; and 
where Venus enters upon the sun's disc a little be- 
fore sun-set, and goes off a little after its rising. 
And this will happen under the above-mentioned 
meridian, and where the elevation of the north 
pole is about fifty-six degrees; that is, in a part 
of Hudson's Bay, near a place called Port Nelson. 
For in this, and the adjacent countries, the parallax 
of Venus will increase the duration of the transit, 
by at least six minutes of tiriie ; because, whilst 
the sun, from his setting to his rising, seems to 
pass under the pole, those places on the earth's 
surface will be carried from east to west, or with a 
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motion conspiring with that of Venus; and there- 
fore Venus will seem to move more slowly on the 
sun, and to be longer in passing over his disc* 

^Mf therefore it happens that this tra,nsit should 
be properly observed, by skilful persons, at both 
these places, it is clear, that the duration of it will 
be seventeen minutes longer as seen from Port 
Nelson, than as seen from the East Indies. Nor 
is it of much consequence whether the observation 
be made at Fort George, commonly called Madras, 
or at Bencoolen, on the western shore of the island 
of Sumatra, near the equator. But if the French 
should be disposed to take any pains in this affair, 
an observer may station himself conveniently 
enoqgh at Pondicherry^ on the western ashore of 
the Bay of Bengal, where the altitude of the pole 
is about twelve degrees. 

"As to. the Dutch, their celebrated mart at 
Batavia will afford them a place of observation fit 
enough, for this purpose, provided they also have a 
disposition to assist in advancing the knowledge of 
the heavens in this particular. And, indeed, I 
^ould wish that many observations of the same 
phaenomenon might be taken, by different persons^ 
^t several places ; both that we might arrive at a 
greater degree of certainty by their agreement, 
and also lest any single observer should be de- 
prived, by the intervention of the clouds, of a sight, 
which I know not whether any man living will ever 
^ee again ; and on which depends the certain and* 
adequate solution of a problem the most noble ia 
](J[)0 sciences. 
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*^ I recommend it, therefore, again and again, 
to those curious Astronomers, who may have an 
opportunity of observing these things when I am 
dead, that they would remember these admoni- 
tions> and diligently apply themselves with all their 
might to the making of the necessary observations ; 
in which I earnestly wish them all imaginable suc- 
cess: in the first place, that they may not, by the 
unseasonable obscurity of a clouded sky, be de- 
prived of this most desirable sight ; and then, that 
having ascertained with more exactness the mag- 
nitude of the planetary orbits, it may redound to 
their immortal fame and glory. 

" And thus have I shown," the Doctor observes, 
^'that, by this method, the sun's distance may be 
determined to within its five hundredth part, which 
will doubtless appear very extraordinary to some. 
But if an accurate observation be made at each of 
the places above-mentioned, I have already de- 
monstrated that the durations of the eclipse made 
by Venus, will differ from each other by seventeen 
minutes of time ; that is, upon a supposition that 
the sun's parallax is twelve seconds and a half. 
But if the difference should be found, by observa- 
tion, to be greater or less, the sun's parallax will 
be greater or less in nearly the same proportion. 
And since seventeen minutes of time answer to 
twelve seconds and an half of solar parallax, for 
every second of parallax there will arise a diffe- 
rence of more than eighty seconds of time ; so that 
if we have this difference true to two seconds, it 
will be certain what the sun's parallax is^ to within 



J 
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a Ibrtieth part of a Second ; and thereforls his dis- 
tance will be detertnined to within its five hun- 
dredth part at leasts if the parallax be not found 
lesi than we have supposed ; for forty titties twelve 
and a half is five hundred.'^ 

Th6 Doctor having pursued his subject tbu6 
far, id this popular and easy way, proceeds to llius*- 
trate it by a figure ; but as he has introduced se- 
veral thfalgs into his calculation which could iiot 
be understood by a person unacquainted with thtL- 
thematicai principles, I shall etideavour, by ui^ns 
of a simple unembarrassed Scheme, to give ybu 
duch an idea of the matter, as will at otic6 cOti- 
vincc you of the practicability ahd cfertainty of this 
method. The two last transits were in the y€&ti 
1 761 and 1769, and as there will not be another 
before the year 1874, when most of the huriite 
r&ce, now living, will in all probability be dead, it 
will be unnecessary to trouble you with a long Ac- 
count of the methods made use of for observing 
these eclipses with accuracy and precidon, or to 
enter into any other particulars, ihAn what are suf- 
ficient for our present purpose. 

In the preceding letter, I explained to you what 
was to be understood by the parallax of any of the 
celestial bodies (PL xi. fig. 1 and S.); but as I shall, 
in the present instance, have to consider the same 
a little differently, it will be proper again to enter 
upon this subject. Let then ae (PI. xii. fig. 1.) re* 
present the earth, c its centre,, and a a point on its 
surfiice ; also let v and s represent any twd celes- 
tial objects, as, for example, Venus and the Sun. 
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Then from what has been already explainedi the 
angle avc will be the parallax of Venus, and asc 
the parallax of the sun ; and if as, av and cvs be 
produced to t,. v, and s ; then will also the angle 
SYvhe the parallax of Venus, and sst the parallax 
of the Sun ; the former being measured by the arc 
sVf and the latter by the arc st. And since the 
angle subtended by ac, whether taken from y or s, 
is very small, it may be considered as being re- 
ciprocally proportional to the distance of v and. s 
from the centre c; that is, if s be at double the 
distance of y, then the angle asc, or^sT, will be 
half the angle avc, or svvs and if the distance of s 
from c, be treble that of v, then will the former 
angle be only one third of the latter, and so on.(p) 
Hence, since we know the proportional dis- 
tance of Venus and the Sun ; it follows that we 
also know the proportion of their parallaxes, or 
which is the same, the ratio of the two arcs 
ST and ^v ; and consequently if we could find 
either of these, or their sum, or diflference, we 
might, by a simple process, find the particular pa- 
rJEillax of each ; for the ratio and difference of any 

(p) This may 'not appear quite evident; but it may be 
3hown thus by plain trigonometry : 

as cv : 1 : ; CA : tan. ^avc 
cs : 1 : : CA : tan. .dAsc 
therefore, cv : cs : : tan. Z.asc : tan. ^dAVc 
that is^ the tangents of the aingles are reciprocally as the 
vadii. But in very small arcs, the tangents may be made to 
represent the arcs ^ and as the arcs are the measures of the 
apgles> the angles also are reciprocally as the radii. 
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two quantities being given, the quantities them- 
selves are readily ascertained. 

This being \inderstood, you will fine} no difficulty 
in comprehending the following illustration. Let 
s's (PL XII. fig. 2.) represent the Sun, and vv', 
Venus, in those two points of her orbit where the 
transit begins and ends, as seen from the earth s 
centre ; and let ee' be the corresponding positions 
of the earth in its orbit at thpse times. 

Then if an observer could be placed at c, he 
would perceive Venus just entered upon the 
eastern limb of the sun, where she would appear 
like a small black spot as at s ; and the true place 
of both as referred to the.heavejis, would be at s: 
But to. an observer on the earth's surface at a, 
the apparent place of Venus would be at t? ; and 
the apparent place of the sun's eastern limb at t ; 
that is, she would appear to be to the eastward of 
the sun, and at a distance equal to the arc TVy or 
the difference of the parallax of these two bodies ; 
and therefore, the immersion of Venus upon the 
sun's disc, would not take place so soon to the ob- 
server at A, as to the one at c, by the time Venu^ 
employs in describing the apparent arc vt. 

No\y, as the transit always happens at the time 
of an inferior conjunction, the motion of Venus 
and the Earth at those points of their orbits will 
be retrograde, or from east to west, while the rota- 
tory motion of the earth on its axis is performed from 
west to east ; hence it is obvious, that while Venus 
moves in her orbit from y to v', and the earth from 
£ to £', the point a, on its surface, which was at first 
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westward of its centre, will be now to th^ feait- 
ward of it, as at a' ; and therefore, fbr the same 
reason as before, while the observer fet 6, perceives 
Venus just quitting the sun's disc, he ^h6 is placed 
at a', will see her to the westward of the siih as 
at ^; the apparent place of the suit's western limb 
being at t'; and consequently the appati^iit distance 
of Venus from the sun at this time, will be the arc 
v't'; which is the measure of the difference of the 
parallaxes of these two bodies as bef6re. The 
whole duration therefore of the transit as seen at 
the point a, on the surface of the ^aftb, will be 
less than the absolute duration, by the time that 
Venus is describing the two apparent arcs vt, tV, 
or double the difference of the pdrallakes. 

And as the absolute duration of the transit may 
be ascertained from calculation, and the apparent 
duration of it from observation; the difference of 
the times will thus become known ; and hence, the 
measure of the apparent arc described by Veniis 
in that time ; which, as we have before seen, will 
be double the difference of the pardlax of these 
t^o bodies. Having thus, then, found the difference 
of their parallaxes, and knowing before the ratio of 
them, we can readily determine the particular pa- 
rallax of each. But the parallax of the sun being the 
angle which the semi^diameter of the earth sub- 
tends at the distance of the siin, and this semi- 
ditibmeter being itself known, the distance of the 
5un from the earth may be easily ascertained from 
the first principles of trigonometry. 

The transits which happened in the years 17^1 
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atid 1769, were observed with the greatest accu- 
racy anc) diligence by some of the most eminent 
Astronomers in Europe, who were sent out to the 
naost convenient parts of the earth for that pur- 
pose; and from their determinations it appears, 
that the horizontal parallax of the sun is, at a 
mean, about eight and a half seconds, and 
his distance from the earth, in round numbers, 
about ninety three millions of miles. A distance 
so prodigious, that a cannon-ball, which is known 
to move at the rate of about eight miles in a mi- 
nute, would be something more than twenty years 
in going from the earth to the sun ; and if a spec- 
tator could be placed ill the sun, and was to look 
at the semi-diameter of the earth, this line, which 
is about four thousand miles long, would only Ap^ 
pear to him under an angle of about eight and a 
ba4f seconds. Consider tbis, and you will find it a 
subject worthy of your adlmiralton artd wonder. 

The distance of the sun from the earth being 
thus found, the distances of all the rest of the 
planets may be easily determined, by the stated 
laws of nature. For it was discovered by Kepler, 
from observation, that the squares of the periodic 
times, HI which the planeti? perform their annual 
revolutions, are in proportion to each other as the 
cubes of their mean distances from the sun ; so that 
the distance of any one of them being known, the 
distance of any other may be easily determined. 
Suppose, for example, that I wanted to know the 
distance of Saturn from the sun ; this may be per- 
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formed by the rule of proportion^ as follows : As^ 
the square of the time in which the earth performs 
her revolution round the sun, is to the square of 
the time in which Saturn performs his revolution 
round the sun, so is the cube of the earth's mean 
distance from the sun, to the cube of the mean dis- 
tance of Saturn ; and if the cube root of this last 
number be taken, it will give the distance of Saturn 
from the sun, as was required. 

And in a manner equally easy, may the real 
diameters and bulks of the planets be determined,, 
from their apparent diameters and distances. being 
known. The sun and moon, for ipstance, appear 
nearly of the same magnitudes ; and therefore, if 
the sun's distance from the earth be reckoned at 
ninety-three millions of miles, his solid bulk, in 
order that be may appear as large as the mooq, 
whose distance does not exceed two hundred and 
forty thousand miles^ must be sixty-four millions 
of limes as great as that of the moon's. Again, 
the earth's diameter, as, seen from .the sun, at the 
time of his mean distance, subtends' an angle of 
double the sun's horizontal parallax, which is now 
supposed to be eight and a half seconds ; and the 
sun's diameter, as seen from the earth, at that time,, 
is found to be about thirty-two minutes; and, 
therefore, the sun's diameter is to the earth's as, 
1920 to 18. And, since the magnitudes of spheric 
cal bodies are to each other as the cub6s of their 
diameters, the bulk of the sun will be to that of the 
cs^rth as 7077888000 to 5832, or something more 
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than a million of times larger. And, in. the same 
manner, may the diameters and magnitudes of the 
rest of the planets be readily determined. 

Another problem, equally curious with the for- 
mer, and apparently involved in still greater dif- 
ficulties, is to determine the densities or compara- 
tive masses of the sun and planets, with respect to 
that of the earth. To ascertain the weights of the 
celestial bodies which are placed at such an im- 
mense distance from us, seems indeed, at first 
sight, too great an undertaking for the limited 
powers of the human faculties. But, as I have 
observed on a former occasion, difficulties pre- 
sented to an active mind, instead of repressing 
its ardour and retarding its progress, serve only 
to stimulate it to greater exertions and nobler pur- 
suits. You have seen already by what means: the 
magnitudes and distances of the planets have been 
ascertained, and I will now endeavour to render 
the present subject equally clear and perspicuous ; 
previous to which, however, it will be proper to 
explain to you what is meant by the density of a 
body. 

By this term, then, you are to understand the 
greater or less quantity of matter that is contained 
in things of the same magnitude ; or, since their' 
weights also depend upon the matter they con- 
tain, the density of two or more bodies of the 
sanxe size, may be regarded as proportional to 
their weights. Thus, if in two bodies of equal 
bulk, the one contains double the mass, or quan- 
tity of matter, or double the weight of the other, 
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its density is also double ; if it weigh three times 
as much, its density is treble, and so on. Whence 
again it follows, that the densities ot bodies of dif* 
ferent magnitudes, may be expressed or measured 
by their masses divided by their bulks ; and there* 
fore, by knowing the masses and magnitudes of 
any number of bodies, we can immediately ascer- 
tain their proportional densities. And since we 
have seen how their magnitodes may be deter- 
mined, it only remains for me to explain, by what 
means we are enabled to arrive at a knowledge of 
their nuisses, for this is all that is necessary ia 
our present enquiry, since the rest may be detm*-^ 
mined by common division. 

In order to this, we must again have recourse 
to the force of gravitation, which decreases, as 
the square of the distances increase, while the 
attracting body remains the same; but when 
bodies of different masses are compared, the at- 
tractive power will be reciprocally as the squares 
of the distances, and directly as the attracting 
mass ; that is, a double mass will have a double 
attractive power at the same distance, a treble 
mass a treble power, and so on. If, therefore, we 
can by any means ascertain the relative attractive 
powers of any two of the planets, this will give us 
their relative masses^ from which, and their mag- 
nitudes which are supposed known, their densi- 
ties with respect to each other will also be deter- 
nnned. 

Now the ratio of this attractive power between 
the earth and sun is easily ascertained ; for a body 
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at the earth's surface, or at the distance of one 
seqiii^rdiameter from its centre, is known from ex- 
periment; ta fall through 16-^ feet in the first se- 
cond of its descent ; and since the spaces described 
at di^erent distances from the centre, are recipro- 
c^iy 83 th^ sqi^^res of those distances, it may be 
readily computed what space a body would fall 
tbrQ^gb intone second, when placed at the distance 
of the si^. And since the diamet^ of the earth'sl; 
orbj^t is knowA, we can likewise easily ascejctain. 
how mjojplpi, this body if deflected from its tangent is^ 
Qnn; second,^ by the attiractive power of the sum ; or, 
whifk is th^ same, what sp^e a body i^ould de^ieod 
through in. one second towards the sun, whjenplaced 
n)L. th? mean distance of the sun from it And we 
have before seen what space would be describjed 
by a.hckjy descending towards th^ earth in the same 
timc^ and placed at the same distance ; therefore, 
since the spaces are as the attractive powers, and 
tb(^ lsy;ter are as the masses of the attracting 
bodiie^ we have at once, by comparing the spaces, 
the relative proportion of the masses of the earth 
aod sun;; and then again dividing their relative 
masses by their absolute magnitudes, we obtain 
their proportional densities. 

From this computation it will appear that the 
density of the earth is to the density of the sun, as 
4 is to 1 ; and as the density of the earth is known 
frqm other experiments to be to the density of water, 
as 5^ to 1 ; it follows, that the density of the sun 
is to that of common water as 1-|- to 1. We can- 
not,, jiowever, proceed in the same manner with the 
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Other planets, because we have no means of ascer- 
taining their respective attractive' powers at their 
surfaces; on which account we must have recourse 
to their satellites, by comparing the deflection of 
each of them from its tangent with their respective 
distances from their primaries. For example, in 
order to find the relative densities of the £arth and 
Jupiter, we must first estimate how mtich the moon 
is deflected from its tangent hi one second by the 
attractivepower of the earth, and how much it would 
be deflected in the same time if it were placed at the 
same distance from the centre of the earth, as any 
one of Jupiter's satellites is from the centre of that 
planet ; which distances are all known from their 
periodic times being given, by the second law of 
Kepler. 

By this means, we shall have the absolute 
spaces described by tw-o bodies in the same time 
towards the Earth and Jupiter ; and these spaces, 
as we have before seen, being as the attractive 
power of the two bodies, and the attractive powers 
as their masses, it follows, that by comparing 
as above, the spaces described, we shall obtain 
. the ratio of the masses ; the division of which by 
their absolute magnitudes, will give us their pro- 
portional densities ; from which computation it ap- 
pears, that the density of Jupiter is to that of the 
earth as -r^^ to 1, being a little less than the den- 
sity of the sun, and a little more than that of isea 
water. ' ^ 

It is likewise obvious, that the same nlethod may 
be employed for determining the density of Saturn 
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and Uranus ; but those planets which have no satel- 
lites, cannot be submitted to the same calculation; 
nor can 1 render the method that is made use of in 
these cases intelligible to you, as it requires a 
knowledge of some of the higher branches of ma- 
thematics; you must therefore, for the present, rest 
contented with the information you have acquired 
on this subject, which is undoubtedly as important 
and interesting, as any that falls under the con- 
templation of the human mind. 



[ 290 3 



LETTER XIX. 

OF THE MOTION, REFRACTION, AND ABERRATION 

OF LIGHT. 

Having Pleasured tbe globe of the earth, imd de- 
termined the distandes of the sop, moon, and 
planetS) let us now consider the phtenomena of 
light ; a subject of no less importance than the for- 
mer, and equally deserving your attention. It is 
in this branch of philosophy that the genius of 
Newton shines with uncommon lustre ; and were 
I allowed to follow him through all his optical ex- 
periments and enquiries, I could present you with 
some of the most astonishing instances of human 
sagacity that the history of man affords. But as 
the nature of my plan admits not of such exten- 
sive digressions, I shall confine myself to those dis- 
coveries which are connected with astronomical 
observations, and leave the rest for your future 
consideration. 

Various opinions have been entertained con- 
cerning the nature of light. The Greeks con- 
sidered it as an accident, or property, result- 
ing from the first principles of things ; and Des- 
cartes defines it to be a globulous matter, diffused 
. through the universe; which being impelled by 
the sun, strikes upon our eyes, in the same man 
ner as a staff that is pushed at one end presses in 
the same instant at the other. Moses makes light 
to have been the first of created thin^ ; and Mil* 
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tODy in one of the noblest invocations that poetry 
can boasty thus expresses the same sentiment. 

*' Hail, holy light, offspring of Heav'n first>born. 
Or of th* Eternal co-eternal beam. 
May I express thee unblam'd ? since God is lights 
And never but in unapproached light 
Dwelt j&oQ^ eternity, dwelt then in thee. 
Bright effluence of bright essence increate* 
Or hear'st thou rather, pure ethereal stream. 
Whose fountain who shall tell ? before the sun. 
Before the heav'ns thou wert, and, at the vcnce 
Of God, as with a mgntle didst invest 
The rising world of wateis dark and deep. 
Won from the void and formless infinite.'^ 

The sacred author places the formation of light 
four days before that of the sun ; and in this he 
appears to have been followed by all the philoso- 
phers of antiquity. It was, in those times, the 
general opinion, that the sun was not the source of 
light, but that he served to impel and spread it 
through space. 

'^ Of all celestial bodies first the sun 
A mighty sphere he fram*d, unlightsome first. 
Though of ethereal mould : then form*d the moon 
Globose, and every magnitude of stars. 
And sow*d with stars the heav*n thick as a field. 
First in h^s east the glorious lamp was seen. 
Regent of day, and all th* horizon round 
Invested with bright rays, jocund to run 
His longitude through heav'n's high road 5 the gray 
Dawn, and the Pleiades before him danc*d. 
Shedding, sweet influence." 

Milton. 

This is the language of poetry, sublime and 

u 2 
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V 

energetic, but not strictly conformable to truth ; 
for it is now generally allowed that light is a mate* 
rial substance, which flows direfctly from the sun ; 
and we are also able to ascertain the velocity with 
which it moves. M. Roemer, a Danish philoso- 
pher, was the first who showed, that it employs 
about eight minutes in its passage from the sun to 
the earth ; and as this singular doctrine will natu- 
rally excite your attention, I shall give you his ex- 
plication of it, in as easy and familiar a way as 
possible. The idea was first suggested to him by 
observing the eclipses of Jupiter's moons, and. the 
conclusion was deduced as follows. 

Let A and b (PL iv. fig. 13.) be the earth in two 
different points of its orbit, whose distance from 
each other is equal to the earth's distance from 
the sun's; it is then plain, that if the tiaotion of 
light were instantaneous, the satellite i would ap- 
pear, to a spectator at A, to enter into Jupiter's 
shadow ss, at the same moment of time, as to an- 
other spectator at b. But from a great number 
of observations it was found, that when the earth 
was at B, the emersion of the satellite into the 
shadow happened sooner, by about eight miautes, 
than when the earth was at a, and therefore the 
motion of light must be progressive, -or such as 
would carry it through a space equal to the radius 
of the earth's annual orbit in about eight minutes 
of time. So that if the sun were annihilated, we 
should see him for eicrht minutes afterwards : and 
jf he were again created, it would be eight minutes 
before we could observe him. 
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The same thing may also be shown thus : The 
instant when any of these eclipses will happen can 
be easily determined by calculation, because the 
times, in which they perform their revolutions, ar^ 
known; and as it is constantly found, by observa- 
tion, that any one of the satellites is eclipsed 
about sixteen minutes sooner \vhen the earth is 
nearest to Jupiter, than when it is farthest from 
him, it is evident, that this must be occasioned by 
the time that light takes in moving thi'ough the 
diameter of the earth's, orbit; for that these ac- 
celerations are not owing to any inequalities in the 
motions of the satellites themselves, is plain, be- 
cause they are always affected alike, in whatever 
parts of their orbits they are eclipsed. 

This explication furnishes us with the solution 
of one of the most curious problems that ever was 
attempted ; which is that of determining the velo- 
city of light.. The minutest particles which are 
thrown off from the body of the sun, move through 
a space of ninety-three tnillions of miles in eight- 
minutes; which is about a million of times swifter 
than the motion of a cannon-ball, when it is first 
projected from the mouth of a piece of ordnance ; 
a rapidity too great for the imagination to follow, 
or the mind to comprehend. And yet, prodigious 
as such a motion appears^ there ma,y be stars, 
whose light' has not reached us since the creation 
of the world. This is the universe of the poet ; 



-" Without bounds 



Without dimension, where length, breadth, and height, 
And time and place are lost** 
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The quantity of light and heat which the planets 
receive from the sun, decreases in proportion as 
the squares of their distances increase ; and when 
a ray of light passes out of one medium into an^ 
other. It is refracted or turned out of its course, 
according as it falls more or less obliquely on the 
refracting surface which divides the two mediums. 
The first of these propositions will appear evident, 
from the consideration of a cone of rays, flowing 
from any luminous point, the circular sections of 
which will be always proportional to the squares of 
their distances from the vertex ; and therefore, re«* 
ciprocally, the number of rays failing on the same 
surface will decrease, as the squares of the dis- 
tances decrease; which latter circumstance may be 
exemplified as follows. Put a shilling into an empty 
bason, and retire to such a distance, that the edge of 
the bason shall just hide it from your sight; then, 
keeping yourself steady, let another person fill the 
vessel gently with water; and as the water rises 
towards the top, the object will become more and 
more visible, till at length the whole of it will be 
distinctly seen, appearing as if it had been raised 
above the bottom 6f the bason. 

This proves that the rays of light are refracted, 
or bent downwards, in their passage out of the 
water into the air ; and as they now come to the 
eye in a more oblique direction, the object must 
necessarily appear to be elevated, and in a diffb- 
rent situation from that in which it wiLs really 
placed. The same thing may also be shown thus: 
Place the bason in such a manner that the sun 
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may ahine obliquely on it> and observe where the 
ahadow of the rim falU upon the .bottom ; then 
fill it with water, and the shadow will not extend 
so far as it did when the vessel was empty ; which 
shows that the rays have changed their direction, 
by passing out of one medium into another of a 
different density. 

The less obliquely the rays fall, the less they 
will be refracted ; and if they fall perpendicularly, 
they will not be refracted at all. For, in the last 
experiment, the higher the sun rises, the less will 
be the difference between the places where the 
edge of the shadow falls, in the empty and full 
bason : and if a stick be laid across the bason, and 
the sun's rays be reflected perpendicularly into it 
from a looking-glass, the shadow of the stick will 
fall upon the same part of the bottom, whether the 
bason be full or empty. The same effects will 
also take place when the experiment is performed 
with any other fluid : but the denser the medium, 
the more will light be refracted in passing through 
it 

From these observations it will readily appear, 
that objects can seldom be seen in their true 
places. We are deceived by every thing around 
us : the sight is no less subject to error than the 
rest of our senses : they all contribute to our plea- 
sure, and promote our happiness by various means. 
In consequence of this property of refraction, we 
enjoy the light of the sun whilst be is yet below 
the horizons this being the cause that produces 
the crepusculum, or the morning and evening twi- 



1 
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light. The sun's rays, in falling upon the higher part 
of the atmosphere, are reflected back to our eyes, 
and form a faint light, which gradually augments 
till it becomes day. It is in those brilliant colours 
that paint the clouds, before the rising of the sun, 
that the poets have placed Aurora, or the goddess 
of the morn : she opens the gates of day with her 
rosy fingers ; and the daughter of the air and the 
sun has her throne in the atmosphere. 

Had no such atmosphere existed, the rays of 
light would have come to us in straight lines,' and 
the appearance and disappearance of the sun 
would have been instantaneous ; we should have 
bad a sudden transition from the brightest sun- 
shine to the most profound darkness, and from 
thick darkness to a blaze of light. Refraction, 
therefore, is extremely useful, not only as it prer 
pares us gradually for the light of the sun, but also 
as it occasions twilight, and by that means pro- 
longs the duration of the day. Nature has estab- 
lished these gradations, to heighten our pleasures 
by variety ; the scene is perpetually changing, but 
the order of things is immutable and eternal, 

• 

" Look nature through, 'tis revolution all. 
All change, no death : day follows night, and nigh^; 
The dying day ; stars rise, and set, and rise ; 
£arth takes th' example : see the Summer gay. 
With her green chaplet, and ambrosial flow'rs^ 
Droops into pallid Autumn ; Winter gray. 
Horrid with frobt, and turbulent with storm. 
Blows Autumn and his golden fruits away. 
Then melts into the Spring; soft Spring, with breatl) 
]f avonian, from wans pluamber^. of the south. 
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Recalls the first : all, to reflourish^ fedes ) 
As in a wheels all sinks, to re-ascend." 

Young. 

The refractive power of the atmosphere appears 
to have been known to astronomers before the 
time of Ptolemy ; but the first who determined its 
effect, and employed it in correcting astronomical 
observations, was Tycho Brahe. He found, that 
the horizontal refraction was about thirty- three 
minutes, which is nearly the same as it is estimat- 
ed at present; and by means of an instrument, 
contrived for that purpose, attempted to ascertain 
the quantity of it at different altitudes. But 
though Tycho had discovered the effect, he was 
not so happy in explaining the cause of this phae- 
nomenon. He attributed it to the gross vapours 
that float in the atmosphere, # and imagined the re- 
fraction of the sun to be different from that of the 
stars; the former he supposed to extend no fur- 
ther than to forty-five degrees of altitude, and the 
latter only to twenty. But Dominique Cassini 
ghowed the fallacy of this doctrine, by calculating 
the refractions for every degree of altitude, and 
proving, that they diminish from the horizon to the 
zenith. 

This determination is agreeable to modern dis- 
coveries ; but in order that the subject may ap- 
pear in its true light, I shall elucidate it by a figure, 
For this purpose, let t (PI. ix. fig. 5.) represent 
the earth, surrounded with its atmosphere aed ; 
5 the sun, or a star; and o the place of the spec- 
tator upon the earth's surface. Then it is evident^ 
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that a ray of light sa, falling upon the gross body 
of the air at a, will be refracted, or bent towards 
the line QP, which is perpendicular to the surface 
of the atqiosphere at that point ; and because it is 
known from experience, that the air is denser in 
the lower regions of the atmosphere, than in the 
higher, the same ray will be refracted, not only at 
A, but at many other points in the medium, befofe 
it reaches the spectator at o. But as it is only the 
last part of the ray co that affects tlie sight, the 
^ye will naturally refer the object to Sj in the 
straight line oc^, and will therefore see it in a si-' 
tuation much higher above the , horizon than it 
really is. 

And the higher the sun rises, the less will hit 
rays be refracted, because they fall less^ obliquely 
on the surface of thd atmosphere. Thus, when 
the sun is in the zenith, his rays will fall perpen- 
dicularly upon the atmosphere at b, and continue 
their course in the right line sbo. But when the 
sun is below the horizon rh, his rays, falling upon 
the atmosphere at r, will be bent downwards to- 
wards the observer at o ; and he will now see the 
sun in the direction of the*refracted ray oas^ which 
lies above the horizon, and being extended to the 
heavens, shows the sun in the point s. When the 
ray sf is a tangent to the surface of the atmor 
sphere at f, itjs then the beginning, or end of twi- 
light, according as the sun is rising or setting : and 
as this is known to take place when the sun is 
about eighteen degrees below the horizon, it has 
thence been found, by a trigonometrical process* 
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that the height of the atmosphere is about forty"* 
five miles, which agrees with the result of barome- 
trical experiments made in balloons, and on the 
tops of high mountains. 

It must also be observed, that the state of the 
atmosphere is exceedingly variable, and that the 
quantity of refraction is not alvvays the same at 
the same altitude ; for as heat diminishes the den- 
sity of the air, and cold increases it, the refraction 
must alter accordingly ; and, therefore, no rule 
can be given by which we can precisely ascertain, 
either the height of that part of the atmosphere 
which refracts the sun's rays, or the true place of 
any of the celestial bodies which are observed 
through this medium. But it is not from refrac* 
tioa only that we are unable to find the true 
places of those objects; they are also subject to 
other irregularities, which arise from their pa- 
rallax, and the motion of light. The former of 
these I have already explained, and I shall now 
give you some account of the latter. It is a dis- 
covery of the celebrated Dr. James Bradley ; and 
as the subject is exceedingly curious and impor- 
tant, I shall present you with the history of it in 
nearly his own words. 

Dr. Bradley, in conjunction with the Honour- 
able Samuel Molineux, Esq., in the year 1725, 
formed, a project of verifying, by a series of new 
observations, those which Dr. Hook had commu* 
nicated to the public about fifty years before. And 
as Hook's attempt was what principally gave rise 
to this, so his niethod in making the observations 
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M'as in some measure that which they followed; 
for they made choice of the same star, and their 
instrument was constructed upon almost the same 
principles. But if it had not greatly exceeded the 
Doctor's in exactness, they might yet have re- 
mained in great uncertainty as to the parallax of 
the fixed stars. Their success, indeed, was chiefly 
owing to the ingenious Mr. George Graham, f. r. s. 
to whom the lovers of astronomy are also greatly 
indebted for several other exact and well-contrived 
instruments. « ' 

Mr. Molineux's apparatus w^as completed, and 
fitted for observing, about the end of November 
1725; and on the third day of December fol- 
lowing, the bright star in the head of Draco, 
marked 7 by Bayer, was first observed, as it 
passed near the zenith, and its situation carefully 
taken with the instrument. The like observations 
were also made on the fifth, eleventh, and twelfth 
days of the same month ; and there appearing no 
material difference in the place of the star, a far- 
ther repetition of them, at that season, seemed 
needless; it being a part of the year, in which no 
sensible alteration of parallax, in this star, could 
soon be expected. 

It was chiefly curiosity, therefore, which tempted 
Dr. Bradley, who was then at Kew, where the in- 
strument was fixed, to prepare for observing the 
same star on December the 17th; when, having 
adjusted the instrument as usual, he perceived that 
it now passed a little more southerly, than when 
it was before observed. Not suspecting any other 
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cause of this appearance, they at first concluded 
that it was owing to the uncertainty of their ob- 
servations, and that either this, or the foregoing, 
were not so exact as they had before supposed ; 
for which reason they proposed to repeat the 
observation, . in order to determine whence this 
difference proceeded ; and upon doing it, on the 
20th of December following, it was found that the 
star passed still more southerly than in the former 
observations. 

This sensible alteration the more surprised them, 
as it was in a contrary way from what it would 
have been, had it proceeded from an annual pa- 
rallax of the star. But being now well satisfied 
that it could not be entirely owing to a want of 
exactness in the observations, and having no con- 
ception of any thing else that could cause such an 
apparent motion as this in the star, they began to 
think that some alteration in the materials, &c. of 
the instrument itself mis;ht have occasioned it 
Under these apprehensions they remained some 
time ; but being at length fully convinced, by re- 
peated trials, of the great exactness of the instru- 
ment, and finding, by the gradual increase of the 
star's distance from the pole, that there must be 
some regular cause w^hich produced it, they took 
care to. examine nicely, at the time of each obser- 
vation, how much it was : and about the beginning 
of March 1 726, the star was found to be twenty 
seconds farther southerly than at the time of the 
first observation. It now, indeed, seemed to have 
arrived at its utmost limit southward ; because^ in 
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several trials made about this time, no sensible dif- 
ference was observed in its situation : but in the 
middle of April following, it appeared to be re- 
turning back again towards the north ; and about 
the beginning of June it passed at the same dis- 
tance from the zenith, as it had done in December, 
when it ivas first observed. 

From the quick alteration of the star's declina- 
tion about this time, which was near a second in 
three days, they concluded, that it would now pro- 
ceed northward, as it before had gone southward ; 
and their conjecture was not ill founded ; for the 
star continued to move northward till September 
following, when it again became stationary, being 
then Qear twenty seconds more northerly than it 
was in March. From September it returned to- 
wards the south, till it arrived, in December, at 
the same situation which it was in a twelvemonth 
before, allowing for tlie difference of declination 
on account of the precession of the equinox. This 
was a sufficient proof, that the instrument had not 
been the cause of the apparent motion of the star, 
and to find one adequate to such an effect, seemed 
a difficulty. 

A nutation of the earth's axis was one of the 
first things that off^ered itself on this occasion, but 
this was soon found to be insufficient ; for though 
the change of declination in y Draconis, might 
have been accounted for by it, yet it would not, at 
the same time, s^ree with the phsenoniena of the 
other stars, particularly with a small one, almost 
opposite to it, in right ascoision, and at about the 
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same distance from the north pole of tlie equator ; 
for though this star seemed to move the same way 
as a nutation of the earth's axis would have made 
it, yet as it appeared, upon a comparison of the 
observations made upon the same days, at different 
seasons of the year, that it changed its declinatioo 
about half as much as r Drac(xiis in the same 
tiaie, this plainly proved, that the apparent motion 
of the star was not occasioned by a real nutation; 
since, if that had been the cause, the alteration in 
both stars would have been nearly equal. 

The great regularity of the observations left no 
room to doubt, that this unexpected motion was 
owing to some regular cause, and did not depend 
on the uncertainty or variety of the seasons of the 
year ; and upon comparing the observations with 
each other, it was discovered, that in both the stars 
before-mentioned, the apparent difference of de- 
clination from the maxima, was always nearly pro- 
portional to the versed sine of the sun's distance 
from the equinoctial points. This induced them 
to think, that the cause, whatever it was, had some 
relation to the snn'^ situation with respect to those 
points. But as they were not able to frame any 
hypothesis at that time, sufficient to solve all the 
phenomena, and were yet very desirous of search- 
ing a little farther into this matter, Dr. Bradley 
began to think of erecting an instrument for him- 
self at Wansted; that, having it always at band, 
he might, with the more ease and certainty, en- 
quire into the laws of this new motion. 

The consideration likewise of being able, by an- 
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Other instrument, to confirm the truth of the ob- 
servations hitherto made with Mr. Molineux's, 
M'as no small inducement to him ; but his principal 
motive was the opportunity it would afford him, 
of trying in what manner other stars were affected 
by the same cause, whatever it was. For as Mr. 
Molineux's instrument was originally designed for 
observing y Draconis, it was so contrived, as to be 
capable of little more alteration in its direction 
than about seven or eight minutes of a degree ; and 
there being few stars within half that distance from 
the zenith of Kew, bright enough to be well ob- 
served, he could not, with his present instrument, 
thoroughly examine how this cause affected stars 
differently situated, with respect to the equinoctial 
and solstitial points of the ecliptic. 

These considerations determined him ; and by 
the contrivance and direction of Mr. Graham, his 
new instrument was fitted up on the 13th of 
August, 1727' But as he had no convenient place 
in which he could make use of so long a telescope 
as Mr. Molineux's, he contented himself with one 
of about twelve feet and a half in length ; judging, 
from the experience which he had already had, 
that this radius would be long enough to adjust 
the instrument to a sufficient degree of exactness : 
and he had no reason afterwards to change his 
opinion; for by all his trials he was very well sa- 
tisfied, that when it was carefully rectified, its si* 
tuation might be securely depended upon to half a 
second. And as the place \vjiere his instrument 
was bung, in some measure determined its radius. 
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§0 did it also the length of the limb, on which the 
divisions for the adjustment were to be made : for 
the arc could not conveniently be extended farther 
than to' about six degrees and a quarter, on each 
side his zenith. This, indeed, was sufficient, since 
it gave him an opportunity of making choice of se- 
veral stars, very different both in magnitude and 
situation ; there being more than two hundred in- 
serted in the British catalogue that might be ob- 
served with it. It was' not necessary, indeed, to 
have extended the limb so far, but that he w^as 
willing to take in Capella, the only star of the first 
magnitude which came so near his zenith. 

His instrument being fixed, he immediately be- 
gan to observe such stars as he judged most pro- 
per to give him some insight into the cause of the 
iQOtion already mentioned. And as there were 
not less than twelve that he could observe through 
all the seasons of the year, it was not -long before 
he perceived, that the notion they had before en- 
tertained of the stars being farthest north and 
south, when the sun was about the equinoxes, was 
only true of those which were near the solstitial 
colure. And after he had continued his observa- 
tions a few months, he discovered what he then 
apprehended to be a general law, observed by all 
the stars, namely, that each of them became 
stationary, or was farthest north or south, when it 
passed over his zenith at six o'clock, either in the 
morning or evening. He perceived likewise, that 
whatevier situation the stars were in with respect to 
the cardinal points of the ecliptic, the apparent mo« 
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lion of all of them tended the same way, when 
they passed his instrument about the same hour of 
the day or night ; for they all moved southward 
while they passed in the day, and northward in the 
night ; so that each was farthest north, when it 
came about six o'clock in the evening, and ftir- 
tbest south, when it came about six in the morning. 
He discovered afterwards, however, that th« 
maxima, in most of these stars, did not happen 
exactly when they passed at those hours ; but, not 
being able, at that time, to ascertain the exact 
limits, he endeavoured to find what proportion 
the greatest alterations in declination, of di^- 
rent stars, bore to each other; it being evident, that 
they did not all change their declination equally. 
* It was remarked, from Mr, Molineux's ob- 
servations, that r Draconis altered its declina- 
tion about twice as much as the before-mentioned 
small star aUnost opposite to it : but examining 
the matter more particularly, he found, that the 
greatest alteration in the declination of those stars, 
was as the sine of the latitude of each respectively ; 
which made him suspect, that there might be the like 
proportion beitween the maxima of other stars. Find- 
ing, however, that the observations of some of them 
would not perfectly correspond with such an hypo- 
Uiesis, and not knowing whether the difference he 
met with might not be owing to some small errors 
which had escaped his notice, he deferred any far- 
ther examination till he should be furnished with a 
series of observations made in all parts of the year; 
"which might enable him not only to deterroint 
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what errors they were Hable to^ but also to judge 
whether there had been any sensible change in the 
parts of the instrument itself. 

When the year was completed, he began to 
examine and compare his observations ; and harm- 
ing pretty well satisfied himself as to the general 
laws of the pheenomena, he then endeavoured to 
find the cause of them. He was already con- 
vinced, that the apparent motion of the stars was 
not owing to a nutation of the earth's axis. The 
next thing that offered itself was an aheration in 
the direction of the plumb*line, with which the in- 
strument was constantly rectified ; but this, upon 
trial, proved insufficient. He then considered 
what refraction might do ; but here also nothing 
satisfactory occurred. At last, by a singular saga- 
city, he conjectured, that all the phenomena, 
hitherto mentioned, proceeded from the progres- 
sive motion of light, and the earth's annual motion 
in its or-bit. For he perceived, that if light was 
propagated in time, the apparent place of a fixed 
object would not be the same when the eye is at 
rest, as when it is moving in any other direction 
than that of the line passing through the eye and 
the object ; and that, when the eye is moving in 
different directions, the apparent place of the ob- 
ject would be different. 

The means by which we arrive at the knowle^dge 
of things, are not less wonderful than the things 
themselves. A lucky accident often brings truths 
to light, that abstruse speculation would have 
never discovered. The curiosity of some children 

X 2 
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at play produced the telescope; tlie absurd at- 
tempts that have been made to discover the philo- 
sopher's stone, have given birth to some of the 
noblest discoveries in chemistry ; and from obser- 
vations that were designed to determine the pa- 
rallax of the starSy was obtained a knowledge of 
their aberration ; a circumstance utterly unknown 
to the astronomers of former ages. Before the 
time of Roemer, it was the general opinion that 
the motion of light was instantaneous ; or that it 
was propagated through immense spaces in an in* 
stant ; but we are now assured, both from obser- 
vations that have been made on the eclipses of 
Jupiter's moons, and from the apparent change of 
place discovered by Dr. Bradley in the fixed stars, 
tiiat the motion of light, like that of ail other bodies, 
is progressive. 

That the aberration of the stars is occasioned 
by the motion of light may be shown as follows : 
Let AB (PI. VIII. fig. 6.) represent a part of the 
earth's annual orbit, and cb a ray of light, falling 
from a star perpendicularly upon the line ba : 
Then if the eye be at rest at b, the object will ap- 
pear in the direction bc, whether light be propa- 
gnted in time, or in an instant; but if the eye be 
moving from a towards b, and light be propagated 
with a velocity that is to the velocity of the eye, as 
CB to AB, that particle of it, by which the object 
will be discernec^when the eye comes to b, will be 
at c when the eye is at a. The star, therefore, 
will appear in the direction ac ; and as this earth 
moves through the equal parts of its orbit aa, ab^ 
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bCy &c. the light, coniing from the star, will move 
through the equal divisions ci, ik, kl^ &c. and the 
star will appear successively in the directions a^, 
bfy eg, &c. which are parallel to the former ac ; so 
that when the eye comes to b, the object will be 
seen in the direction bd. 

If the line ac be a tube of such a diameter as 
to admit but one particle of light at a time, it is 
easy to perceive, that the particle of light at c, by 
which the object must be seen, when the eye, as it 
moves along, arrives at b, would pass through the 
tube AC, if it were inclined to ab, in the angle 
ABC, and accompanied the eye in its motion from 
A to b; and that it could not come to the eye 
through such a tube, if it had any other inclina- 
tion to the line bd. And the same thing will follow, 
if, instead of supposing ac to be such a small tube, 
we imagine it to be the axis of a larger one ; for, 
from what has been said, it is evident, that a par- 
ticle of light at c cannot pass along that axis, un-^ 
less it be inclined J:o b a, in the angle bag. 

Although, therefore, the true or real place of an 
object be perpendicular to the line in which the 
eye is moving, yet the visible place must be always 
in the direction of the tube through which the ob- 
ject is seen ; and the difference between the true 
and apparent place will be greiater or less, accord- 
ing to the proportion between the velocity of light 
£^nd that of the eye. If the earth revolves round 
the sun annually, and the velocity of light be to 
the velocity of the earth's motion in its orbit, as 
one thousand to one, it may be proved, by a tri- 
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gODometrical process, that the apparent place of 
the object, from Mhich the light proceeds, will cob^ 
stantly differ from the true place by about tliree 
minutes and an half; so that a star, placed in the 
pole of the ecliptic, would seem to describe a circle 
round that pole, the diameter of which would be 
seven minutes. 

From a number of observations, made by Pr. 
Bradley upon the same stars for three years, he 
found, that their apparent places differed fron? their 
true places by about twenty seconds ; by which 
means it is proved, that the velocity of light is 
about ten thousand three hundred and ten times 
greater than the velocity of the earth in her orbit. 
But the velocity of the earth is about fifty-eight 
thousand miles an hour, and therefore light will 
pass from the sun to the earth, or through ninety- 
three millions of miles, in eight minutes and seven 
seconds ; and as this is nearly the same as the time 
discovered by Roemer, and was deduced from a 
different phaenomenon, which was owing to the 
same cause, they mutually confirm each other; 
and the progressive motion of light is now proved 
in a manner that admits of no objection. 

But this is not the only advantage arising from 
Bradley's discovery; the aberration of the stars 
being a direct proof of the motion of the earth in its 
orbit, and a new confirmation of the truth of the 
Copernican system. This system, indeed, is the 
basis of most of the great discoveries of Newton ; 
and to those who can follow that sublime philoso- 
pher through all his calculations and ^nquiri^es, th^ 
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Copernican hypothesis will want no other support 
than what he has given it : but this evidence is 
confined principally to men of science, who have 
entered into the depth of mathematical investiga- 
tions, and are qualified to judge of their validity. 
There are minds that require proofs more imme- 
diate and sensible, who judge of probability, not 
from calculations but from facts ; and with these 
the observations of Bradley ought to have great 
weight. He has discovered, that the motion of 
light, combined with the motion of the earth, pro- 
duces an apparent difference in the places of the 
fixed stars ; and as this motion is found to affect 
all the stars diflferently, according to their situa- 
tions, such a similarity of variations is sufficient to 
justity the truth of the cause upon which they were 
supposed to depend, and to show that the system 
of the world, as restored by Copernicus, is con- 
formable to nature and the order of things. 
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LETTER XX. 

OF THE CONSTELLATIONS, AND THE PHENOMENA 

oip THE FIXED STARS. 

The heavens are divided by astronomers into 
three regions, called the northern and southern 
hemispheres, and the zodiac; and in order that 
the fixed stars may be treated of according to their 
true positions and situations, they Have been classed 
under the outlines of certain imaginary figures of 
birds, beasts and other animals ; which are called 
Constellations. The number of these, in the north- 
ern hemisphere, is thirty-six ; in the southern 
thirty-two ; and in the zodiac twelve : and as there 
are some stars that admit of no regular arrange- 
ment, they are called unformed stars ; and others, 
from their cloudy appearance, are comprised under 
the name of Nebulas. 

This division of the starry firmament into Con- 
stellations, is of the highest antiquity. Bootes 
and the Bear are spoken of both by Homer and 
Hesiod; Arcturus, Orion, and the Pleiades, are 
mentioned in the book of Job ; and there is scarce- 
ly any ancient author in which the names of some 
of the most remarkable ones are not to be found. 
But to trace the origin of this invention, and to 
show why one animal had the honour of being ad- 
vanced to heaven in preference to another, is no easy 
task. M. Freret, the Abbe la Pluche, and several 
other writers of considerable eminence, have ran- 
sacked all the legends of fabulous history for the 
illustration of this subject; but, except in a few 
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obvious instances, no consistent and satisfactory 
account has yet been given. 

Most of the memorable events and customs of 
ancient times were involved in obscure hierogly- 
phical representations ; and many of the constella- 
tions are probably symbols of this kind. The di- 
vision of the zodiac into twelve signs, of thirty de- 
grees each, has a manifest relation to the twelve 
months of the year; and the animals, by which, 
those signs are denoted, were perhaps designed as 
emblems of the different productions of nature, in 
those seasons over which they preside ; or as indi- 
cating certain circumstances relating to the naotion 
of the sun in the heavens. Many of the constella- 
tions also appear to have been formed in honour 
of certain heroes and celebrated personages, whose 
memory they were meant to perpetuate; and any 
vague resemblance of a crown, a cross, or a tri- 
angle, would occasion the parts of the heavens 
where they were found to be called by those names. 
This manner of classing the stars is indeed so na- 
tural, that it is found among the Chinese, the Ame- 
ricans, and many other nations that seem to have 
bad no intercourse with the rest of the world. 

The heavens being thus divided, it was more 
easy to reduce the stars into order, and to deter- 
mine their number, than it would have been without 
such a contrivance. And though this be consi- 
dered, by the uninstructed part of mankind, as an 
impossible thing, it has been often attempted both 
by the ancients and moderns. Hipparchus the 
Rhodian, who lived about 120 years before Christ, 



814 OF CONSTELLATIONS, AlID [LBT. XX. 

was the first among the Greeks that engaged m 
this singular enterprize; "daring (according to 
Pliny) to undertake a thing which seemed to sur- 
pass the power of a divinity ; that is, to number 
the stars, and to ascertain their true places in the 
heavens.'' It was imagined in those days, as it is 
at present, that, in a fine winter's night, when the 
sky is perfectly clear, the stars which may be seen 
in the firmament are beyond the. reach of all cal- 
culation; and that 

" To count their numbers, were to count the sands 
That ride in whirlwinds the parched Libyan air; 
Or waves that, when the blustering north embroils 
The Baltic, thunder on the German shore.** 

Armstrong. 

This, however, is a mistaken notion : thenum* 
ber of stars, as I have observed in a former letter, 
that can be seen by the naked eye in the whole 
visible hemisphere, is not much above a thousand. 
Hipparchus, from his own observations, and those of 
the ancients that preceded him, inserted in his ca- 
talogue only one thousand and twenty-two, annex- 
ing to each of them the latitude and longitude 
which they had at that time. Ptolemy added four 
to this number ; and others were afterwards dis- 
covered by different astronomers, who applied 
themselves to this subject. But of all the cata- 
logues of the stars which have hitherto been made, 
that which is given by Flamsteed, inbis Historia 
Coelestis, and the one lately pu Wished by Bode, are 
the most complete. The number of stars inserted 
in the former of those catalogues is about three 
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tbousand; which number has been ^ince aug* 
meoted to near iSve thousand, by Halley, La Caille, 
Le Monuier, and others ; and from the accuracy 
of their observations, there is scarcely a star to be 
seen in the heavens, whose place and situation is 
not better known than that of most cities and towns 
upon the earth. 

And in order that the memory may not be bur- 
thened with a multiplicity of names, astronomers 
mark the st^rs of every constellation with a letter 
of the Greek alphabet; denoting those that are 
the most conspicuous by o^, the next by i3, and so 
on in succession; by which means they can be 
spoken of with as much ease as if jach had a se- 
parate name. This was the invention of John 
Bayer, a native of Augsburg, in Germany, who 
first introduced it about the year 1603, in his 
charts of the constellations. But the best works of 
this kind, that have yet been executed for repre- 
senting the constellations, and the stars of which 
they are composed, are the Atlas Coelestis of 
Flamsteed, and Bode's Atlas before^mentioned ; 
which, together with the stars discovered by La 
Caille in the southern henjisphere, contain an en- 
tire map of the heavens ; 50 that by means of 
these charts, or a good celestial globe, we can 
easily know any particular star which is discern- 
ible to the eye, and teli the constellation to which 
it belongs. 

The names of the constellations, and the manner 
of denoting some of the principal stars of the first 
and second magnitude, may be seen in the follow- 



316 



OF COXSTELLATIONS, AND [lET. XX. 



ing Table ; in which it may be observed, that the 
stars marked fi^ y, &c. are not the ino9t conspicu- 
ous/ in the constellations to which they belong, but 
were chosen on account of their places being better 
settled, or from some other remarkable circum- 



stance attending them. 
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NORTHERN CONSTELLATIONS. 
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SOUTHERN CONSTELLATIONS. 
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These, as vvdl as most of the other principal 
stars 'in the several constellations, may be readily 
known by means of a common celestial globe; 
which being rectified for the latitude of the place, 
day of the month, and time of the night, the stars 
which you will find marked upon different parts 
of its surface, will be directly under those of the 
»am(5 name with them in the heavens ; and conse- 
quently will be easily found and remembered upon 
any other occasion. But as a celestial globe may 
not.always be at hand, I have presented you with 
a simple unembarrassed scheme (PL xiv.), of the 
northern hemi$phere, which in many cases may 
answer the same purpose. It is divested of the 
figures of the constellations with which it is usually 
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embellished ; and only the principal stars have 
been retained, towards which your attention will 
of course be more particularly directed. 

Those stars that are connected by dotted lines 
belong to the same constellation, the names of 
which are written in small Roman characters, in 
order to distinguish them from the names of the 
principal stars in the same, which are given in 
Italics. The plain lines which are drawn connect- 
ing some of the larger stars, are merely to show 
their position with regard to each other ; and by 
means of the figures that are thus formed, as tri- 
angles, squares, &c. you will, with a little atten- 
tion, be able to distinguish tb^m, when they are re- 
ferred to the heavens. 

The most remarkable constellation in the north- 
ern hemisphere, and that which is more generally 
known, is the Great Bear ; which consists of seven 
principal stars, four of which form nearly a square, 
and of these, the two hindermost are called the 
pointers ; because, if you imagine a line to be 
drawn through them and continued upwards, the 
first large bright star which it nearly passes 
through, is the polar star. 

Having thus got the north star, and the seven in 
the Great Bear, observe what figures they form 
with some other remarkable star ; then by referring 
to your map, and tracing out there, by your eye, 
the same figure, you will find the name of this 
star, which let us suppose to be Arcturus ; then 
again proceed with this and some other in the 
same manner, and you will soon become familiar 
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with the names of most of the constellations, and 
the principal stars they contain. 

But of all the phaenomena of nature, the sudden 
appearance of new stars, and the disappearance 
of old ones, is one of the most singular, and diffi- 
cult to be accounted for. A circumstance of this 
kind first led Hipparchus to compose his catalogue 
of the stars, in order that posterity might be ap- 
prized of the true state of the heavens at that 
period ; and since his time many changes of the 
same nature have been observed, both by ancient 
and modern astronomers. Sotne of the larger 
stars have not the same precise situations which 
are attributed to them by the ancients, and others 
are found to have a periodical increase and de- 
crease of magnitude. The bright stars, Sirius and 
Arcturus, have been observed to change their 
places, by moving towards the south, about two 
or three minutes of a degree in a century ; and the 
stars, Aldebaran and Aquila, have also a like mo- 
tion, but something slower, and less easy to be de- 
termined. 

Among the new stars which have been discover- 
ed by the moderns, that which appeared on the 
8th of November, in the year 1572, was the most 
remarkable. Its splendor exceeded that of Ju- 
piter when nearest the earth, and was such that it 
could be seen in the day-time. Cornelius Gcmmei 
first observed it in that part of the heavens which 
is called Cassiopeia's Chair, forming a perfect 
rhombus with the three stars a, /3 and 7, of that 
constellation ; and Tycho Brahe, who saw it on the 
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1 lib of the same month, found its longitude to be 
six degrees fifty-four minutes of Taurus, and its 
latitude fifty-three degrees forty-five minutes 
north. About the beginning of December it began 
to diminish, becoming gradually less and less till 
the month of March 1574, when it totally disap- 
peared, and has never been seen since. It was 
found to have no parallax, nor any apparent mo- 
tion, and was sparkling and clear like the rest of 
the fixed stars. 

On the 10th of October 1604, the scholars of 
Keplep discovered another new star in the right 
leg of Serpentarius, which was nearly as brilliant 
as the former. Its right ascension, as observed 
by Kepler, was constantly two hundred and fifty- 
six degrees fifty-seven minutes, and its declination 
twenty-one degrees one minute and a half south. 
This star, also, had no parallax, nor any apparent 
motion ; and after suffering a gradual diminution 
of its light, it totally disappeared about the begin- 
ning of January 1606. Neither of these stars had 
any tail, to countenance an idea of their being 
comets ; and as they had no parallax, it is evident 
that they must have been at a greater distance 
from the earth than any of the planets. 

The first star that was observed to have a pe- 
riodical change of brightness is that marked o by 
Bayer, in the neck of the Whale. It was disco- 
vered by David Fabricius on the 13th of August, 
15S6. At the time of its greatest brightness, it 
appears fequal to a star of the third magnitude ; 
and is scarcely ever so small but that it may be 



seen wkh a six feet telescope. Heirelius assures 
OS, tlMUt it once ^otineiy disappeared for four years; 
and Cassini, nvifo observed it at the tinw of k$ 
greatest spkador, about the begmning of August 
IfOSy ioQikl it to be of the third magQitude^ as had 
before been supposed by Fabricius* la this tame 
it bad made about one hundred and seventeen re* 
voitflionsy which, at a mean, fixes its period at 
three hufidred and thirty-fom' days ; but it has stnos 
been found that its changes are very irregular. 

Thpee <:iiangeabie stars have also been observed 
in the neck of the Swan. The firM is that near 
the star y m tliat constellation. Its greatest lustra 
is less than tiiat of one of the tiiird magnitude, and 
it gradually diminishes till it is equal to one of the 
sixth. Its changes are also far from being r^ular, 
and do not recar till after an interval of ten or more 
years. The next is that marked x ; which is more 
regisilar in its returns than the former^ though its 
magnitude is seldom greater than that of one of 1^ 
aixth, and its period is settled at aboQt four hundred 
and five days. The third was seen near the head 
of tiae Swan, on the 30th of June I67O, and ap- 
peared of the third magnftude, iHjt was so far di- 
ininishfed in October following, as to be scarcely 
^visible. In the beginning of April 1761, it was 
again seen, rather brighter than before ; and after 
several other changes, by which its period ^vas 
judged to be about ten years, it disappeared on the 
SOth of March 1 762, and has not been seen since. 
The star Algol, or Medusa's head, has been long 
m^e observed to appear of different magnitudes 

y 
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at diflferent times ; but the discovery of its period 
is due to John Goodricke, Esq. of York, who first 
began to observe it about the beginning of the year 
1783. It changes continually from the first to the 
fourth magnitude; and the time employed firom 
its greatest diminution to its least, is found, at a 
mean, to be two days, twenty hours, forty*nine 
minutes and three seconds. The change is thus: 
during four hours, it gradually diminishes in 
lustre ; and in the succeedmg four hours it regu- 
larly recovers its first magnitude. In tbe remain- 
ing part of the period it invariably preserves its 
greatest lustre ; and after the expitation of this 
term the diminution again commences. 

Many opinions have been entertained concern^ 
ing the cause of these pbaenomena, but as they are 
frequently incongruous and unsatisfactory, I shall 
only give you a few of the most plausible. If the 
light of the sun and stars be owing to a combustion 
similar to that which is required to produce light 
in most other substances, it will follow, that when 
the inflammable matter is decomposed, the ignition 
will cease. Or, if a mass of combustible matter 
begin by any cause to burn, its ignition and emis- 
sion of light will commence at the same time. ^ So 
that if these considerations be applied to the fixed 
stars, the appearance of some, and the disappear- 
ance of others, will be rationally accounted for; 
and as there are no data by which their periods 
can be ascertained, they may last any given time 
according to circumstances. 

The spots on the sun have also afforded a con- 
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jieetEtfe ecHieerDing the cause of a periodical change 
of brightness in some of the fixed stars. For if a 
star be supposed to turn upon its axis^ and to have 
a spot of considerable magnitude upon some part 
oC its surface, it will appear much brighter when 
the spot is not on the visible disc, than when it is 
wholly exposed to our sight; and as it is more. or 
less seen, an alteration of light will take place ac« 
oordingly. But against this hypothesis it must be 
observed, that the phenomena in general do not 
agree with the supposition ; for the brightness or 
obscurity which prevails in some of the change* 
able stars for more than. half their periods, seems 
to prove that their different appearances cannot be 
owing to a defalcation of light on any part of their 
surfaces. 

. Another conjecture, which appears something 
more probable, is, that if a star, by a swift revolu* 
tion, be made to assume and. preserve a flattened 
figure, and its axis have a rotation similar to that 
of the earth, it will be much less bright when its 
edge is presented to the observer, than when the 
visible disc is projected broader. Or, lastly, if a 
planet be supposed to revolve round a star, in the 
same manner as the planets in our system revolve 
round the sun, it may occasion certain periodical 
eclipses, of such magnitudes and durations, as are 
sufficient to account for all the changes in its ap* 
pearance. Thus, for instance, if an opaque planet; 
^ whose diameter is not much less than that of Algol,, 
be supposed to revolve about that star, in a plane 
whose orbit passes through the earth, it uill occa- 

y 2 
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iion certain eclipset, wbkrb, bj supposing its period 
and distance to be properly regulated, may be 
ttftde to agree witb all the o4»aer?ed appearances. 

Sereral other changes in particular stars have 
been observed by difierent astronomers, but as 
tbey are less conspicuous I shall pass them over 
in silence. Many of the fixed stars have also been 
found to consist of two, or to appear as if they 
were double. The number of these was formerly 
thought to be very small ; but Herschel, who 
stands unrivalled for the excellence of his instru- 
roents and his skill in using them, has discovered 
upwards of four hundred. - 

Besides these, there are also many nebula, or 
parts of the heavens which appear brighter than 
the rest. One of the most obvious to commoA 
notice is that large irregular zone, or band of light, 
which crosses the ecliptic in Cancer and Capri* 
corO) and is inclined to it in an angle of about sixty 
degrees. Other nebulss are sddom to be distin- 
guished by the eye from small stars ; but if the 
telescope be applied to them, they seem to be lu'^ 
minoas spots of various figures, and in some in- 
stances with stars in them. One of the most curi: 
Otts of these is in the belt of Orion ; the JSgure of 
which as seen by a good telescope is shown in 
(PI. XVII.) The number of nebulie was for* 
merly ima^ned to be about one hundred and 
three ; but Herschel, previous to the month of 
April 17fe4, had discovered four hundred and sixty- 
six more. Many of these are resolvable by the 
telescope into dusters of small stars ; and tele^ 
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scopes of a still greater power resolve those nebulie 
into stars, which, in instruments of less force, a{>- 
penr like white clouds ; so that there is great rta- 
son to conclude that they all consist of clusters or 
large masses of stars, at a prodigious distance froai 
our system. 

11 erschel is of opinion, that the starry heaven is 
replete with these nebulse, and that each of them 
is a distinct and separate systeip, independent of 
the rest. The milky-way he supposes to be that 
particular nebula in which our sun is placed ; and 
in order to account for the appearance it exhibits^ 
he supposes its figure to be much more extended 
towards the apparent zone of illumination than in 
any other direction; which is a supposition that 
fae thinks allowable, from the observations he has 
made on the figures of other nebulas of the like 
kind. These are certainly grand ideas, and, whe* 
ther true or not, do honour to the mind that con* 
ceived them. 

This notion, indeed, of forming the stars into 
systems, is not a new one. The ingenious Mr* 
Michelle about sixty years ago, had the same ideat 
He observed that there were many large spaces in 
the heavens where no stars are to be seen ; and 
others in which a number of very considerable ones 
appear near together, in the midst of several smaller 
ones. The Pleiades, for instance, are composed 
of six reoiarkable stars, which are placed in the 
aiidst of a number of others, that are all between 
the third and sixth magnitude ; and as there are 
only about one thousimd five hundred stars in the 
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whole heavens, which are visible to the naked eye, 
he calculated, by the doctrine of chances, that 
among all this number, if they had been dispersed 
arbitrarily through the celestial vault, it was five 
hundred million to one, that six of them should be 
placed together in so small a space. 

It is therefore so many chances to one that this 
distribution was the work of design, or that there 
is a reason or cause for such an assemblage ; and 
in a universe where every thing is governed by im- 
mutable laws, this degree of probability is exceed- 
ingly strong. The stars, therefore, which are thus 
grouped, (Pt. xv.) are most probably systems ana^ 
lagous to the solar one ; and pur sun, which ap- 
pears to be the lord of the universe, is most likely 
only a star that belongs to one of those systems 
that are interspersed through the regions of the in- 
finite expanse. This is conformable to the designs 
of Nature in all her operations. Our planetary 
system demonstrates, that she unites and connects 
several bodies together in order to compose a 
whole ; and it is highly probable, that all her works 
are conducted upon the same plan. 

But a necessary consequence of this idea is, 
that these different systems should be mutually 
balanced among themselves by some general 
cause ; and this is most probably effected by 
means of one system, which regulates the others 
by the number of bodies it contains ; or perhaps 
by one body, which is mpre powerful than all 
the rest, and round which they all move. Here 
then is a gradation in the most magnificent 
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vbrks of nature, like that which we perceive 
among the lower orders of existences. The sa- 
tellites accompany the planets; the planets fol- 
low the sun ; and the sun himself is connected 
with a system of stars, over which presides 
another sun of superior magnitude and force ; 
and so on, through a number of variations and 
degrees, which not even the imagination itself 
can trace. 

The immetise distance of these vast bodies, is 
also another consideration that overpowers all our 
faculties. James Cassini attempted to show, that 
the annual parallax of Sirius, which is the nearest 
of all the fixed stars, is about six seconds ; and 
from this it would follow, that its distance from 
our earth is near eighteen thousand times greater 
than that of the sun. But from all the observa- 
tions hitherto made, it appears, that the parallax 
of the stars is altogether insensible, and conse- 
quently their distance must be such that no calcu- 
lation can estimate. If the stars, therefore, be 
considered as suns, having a number of planets 
moving round them, like those that compose the 
solar system, it will be no argument against their 
existence, to say that we do not see them ; for as 
the suns themselves are at such distances as to apr 
pear like so many luminous points, the planets, 
which shine only by reflection, must be totally in- 
visible. 

Dr. Halley has a very ingenious observation upon 
the magnitudes and distances of the fixed stars. He 
remarks, that there can be only thirteen points upon 
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the surface of a sphere, whose distances. front 
each other shall be all equal to the radius ; aad 
as the nearest fixed stars are generally considered 
to be as far from each other as they are from the 
sun, he supposes them to be placed in the surface 
of an imaginary concave sphere, which has the sua 
for its centre ; and thence infers, that there can be 
only thirteen stars of the first magnitude. The 
stars of the second magnitude he supposes to be 
twice as far distant from the sun as tho^.of the 
first, and by placing them in like manner in the 
surface of a sphere, at such distances from each 
other as are equal to half the radius, their number 
will be fifty-two. At a triple distance the surface 
oi a sphere would contain an hundred and seyeor 
teeo, which, therefore, is the number of stars of 
the third magnitude ; and so on. This supposition 
19 nearly agreeable to the usual method of classing 
the stars of the first and second magnitude ; and 
if the distribution of them could be made accord- 
ing to their true magnitudes, it would probably be 
found more accurate. 

Halley conceived the whole solar system, to« 
gether with all the systems of the stars, to be in 
i»otion round some point, which is the centre of 
gravity of the whole ; and in pursuing this idea^ 
the following reflections naturally occurred to him : 
^' If," says he, ^%e number of stars be finite, and 
occupy only a part of space, it will follow that 
they must be surrounded by a void. But as this 
void can have no action upon the bodies which it 
tayifox^ those bodies must exert all their forcf 
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upon one another, without equilibrium, and with- 
out compensation. Those which are at the extre- 
mities, or near the borders of the void, will be 
strongly and continually attracted by those near 
the centre ; and these eflfoi'ts, continued and mul- 
tiplied through a number of ages, must e^t length 
draw all the suns and planets into that point, and 
form one immense mass, which must ibr ever re* 
main there, without action' and without motion. 
But if, on the contrary, the number of stars be in- 
finite, and the system without bounds, all the forces 
will be balanced among themselves ; the suns and 
planets wnll preserve the paths prescribed them ; 
and the order of the universe will be perpetually 
the same.'* These are the conceptions of a vigo- 
rous mind ; but they lead us into a labyrinth where 
there is no* clue to be found / infinity can be com- 
prehended by God alone. 
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LETTER XXI. 

OF THE PHENOMENA AND AFFECTIONS OF THE SUN, 

MOON, AND PLANETS. 

T|i£ sun was generally considered by the ancients 
as a globe of pure fire ; but, from a number of 
dark spots, which, by means of a telescope, may 
be seen on different parts of his surface, it appears 
that this opinion was ill-founded. These spots 
consist, in general, of a nucleus, or central part, 
which appears much darker than the rest, and 
seems to be surrounded by a mist or smoke ; and 
they are so changeable in their situation and figure, 
as frequently to vary during the time of observa- 
tion. Some of the largest of them, which are found 
to exceed the bulk of our earth, are often to be seen 
for three months together; and when they disap- 
pear, they are generally converted into faculce, or 
luminous spots, which appear much brighter than 
the rest of the sun. About the time that they were 
first discovered by Galileo, forty or fifty of them 
might be frequently seen on the sun at a time ; but 
at present we can seldom observe more than 
thirty ; and there have been periods of seven or 
eight years, in which none could be seen. 

Father Scheiner, who was contemporary with 
Galileo, has given us an anecdote, which will serve 
to show how this discovery was at first received. 
He imagined himself to have been the only person 
who had ever seen this curious phsenomenon, and 
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having coipmanicated ibe result of his observa- 
tions to the provincial of his order, received the 
following answer. '' This subject is not mentioned 
by any of the ancient philosophers : I have read 
joiy Aristotle several times over, and- have found 
nothing like what you speak of. Do not expose 
yourself by propagating these absurdities ; for be 
assured, that it is only some defect in your eyes or 
your glasses, which makes you imagine that you 
see spots in the sun/' And so firmly persuaded 
was this zealous Peripatetic that every thing was 
contained in the Greek philosophy, that neither the 
most rational arguments, nor the evidence of his 
senses, could convince him to the contrary : he 
continued inflexible in his opinion, and would not 
suffer Scheiner to publish his discovery, till he had 
promised him to do it under a fictitious name. 

The general opinion concerning the solar spots 
is, that they are occasioned by the smoke and 
opaque matter thrown out by volcanos or burning 
mountains of immense magnitude ; and that when 
the eruption is nearly ended, and the smoke dissi- 
pated, the fierce flames are exposed, and appear 
like faculeg or luminous spots. Lahire imaged 
the sun to be in a continual state of fusion, and 
that the spots which we observe are only the emi- 
nences of large masses of opaque matter, which, 
by the irregular agitations of the fluid, sometimes 
swim upon the ^surface, and at other times sink and 
disappear. Others have supposed them to be oc- 
casioned by a number of planets, circulating round 
the sun, at a small distance from his aur&ce; 
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But Dr. Alexander WiUon, of Glasgow^ has at- 
tempted to prove, horn observation, that most, if 
not all the spots, are excavations in the lumiDOus 
matter that environs the sun*s body, and which is 
probably of no great depth* 

The motioQ of the spots is from east to west; 
and as they are observed to move quicker when 
they are near the central regions, than when they 
are near the limb, it follows that the sun must be 
a sj^rieal body, and that he revolves on his axis 
in a contrary direction, or from west to east. The 
time in which he pertbrms this revolution, as ob* 
served by Cassini, is twenty-five days,, iourieea 
hours and eight mioutes ; and from the line of the 
motion of the spots, which is sometimes straight, 
bat oftener crooked or elliptical, it is discovered 
that his axis is not perpendicular to the plai^ of 
the ecliptic, but inclined to it so a» to make an 
angle with the perpendicular, of about seven de- 
grees and a half. 

. The zodiacal light is another singular phasno* 
menon, which accompanies the sun, and 'is usually 
attributed to bis atmosphere. It begins to appear 
a tittle befix*e. sun-rise, and seems^ at first sigbt, 
like a faint whitish zooe of lights resembling the 
miiky^way, with its borders ill teradinated, and 
scarcely to be diatiaguished from the twilight, 
which is ^en commencing near the horiaon. It is 
&en but little elevated, and its figiffe nearly agrees 
wkh that of a flat lenticular spheroid, se^i in pro*- 
file. As it rises above the faorbon it become 
brighter and larger to a certain pointy after which 
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tbe approach of clay renders it gradually less ap-^ 
parent, till it becomes quite iovtsibie. 1 be direo- 
tioii of its longer apparent axis is observed to be 
in the plane of the sun's equator ; but its length is 
subject to great variatioas, so that the distance of 
its summit frooi the sun varies from forty *five to 
one hundred and twenty degrees. 

But of all the discoveries which have been made 
by means of the telescope, those relating to the 
moon are the most curious and interesting. This 
planet being much nearer to us than any of 4he 
rest, is the first that offers herself to our inspec- 
tion, and is the best adapted for examination. By 
viewing her vyith the naked eye we discern a num- 
ber of spots, which the imagiaalion naturally sup- 
poses to be seas, continents, and tbe like ; and on 
a more accurate inspection; with a telescope, the 
hypoiliesis of planetary worlds receives additional 
confirmation. Vast cavities and asperities are ob» 
served upon various parts of her surfece, exactly 
resembling valleys and RK>untains ; and every other 
appearance seems to indicate, that she is a body 
of the same rmture with our earth. We can scarce- 
ly hope to make optical instruments suflSciently 
perfect to render animals visible at such a dis- 
tance; but Herschel,. whose telescopes are far su- 
l^rior to any that \\eire ever before executed, is 
said to have discovered a manifest volcano in tlie 
moon ; and if his improvements are pursued, we 
may, periKi{>s, receive indubitable pi'oofs of her 
\mng an inhabited world. 

Galileo, when be first saw tliis planet through 
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his telescope, was struck with the singularity of 
her appearance ; and being free frovtt the pre^u« 
dices of the schools, soon discovered a striking 
similitude between her and the earth. This is 
what Milton finely alludes to when he describes 
the shield of Satan, in the first book of his Para- 
dise Lost. 
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HuDg on hb shoulders like the moon, whose orb 

Through optic glass the Tuscan ai:ti8t views^ 

At evening from the top of Fesole, 

Or in Valdarno, to descry new lands^ ^ 

Rurers or mountains in her spotty globe." 

Sereral astronomers have given us exact maps 
of the moon, with the figure of every spot, as it ap* 
pears through the best telescopes, (PI. xvi.) dis- 
tinguishing each of them by a proper name. 
Riccioli divided the lunar regions among those 
philosophers and astronomers, who have distin- 
guished themselves by advancing the knowledge of 
the. heavens, giving the names of the most cele^j 
brated characters to the largest spots, and tho^ 
of less eminence to the smaller. Bpt Hevelius; 
who did not approve of this distribution^ denoted 
the difierent parts of the moon by such geographi- 
cal names as belong to the several islands, coun- 
tries, and seas of our earth, without any regard to 
their situation or figure. The method of Riccioli, 
however, is that which is now generally followed, 
as the names of Hipparchus, Tycho, Copernicus, 
&c. are more pleasing to astronomers, than those 



L£T. XXI.] OF SUKy MOON> AND PLAX£TS. 335 

of Africa, the Mediterranean Sea, Sicily and 
Mount MtoBL. 

That the spots in the moon, which are taken for 
mountains and valleys, are in reality such, is evi- 
dent from their shadows. For in all situations of 
the moon, the elevated parts are constantly found 
to cast a triangular shadow, in a direction oppo- 
site to that of the sun ; and, on the contrary, the 
cavities are always dark on the side next the sun, 
and illuminated on the opposite one ; which is ex- 
actly conformable to what we observe of hills and 
valleys on the earth. And as the tops of these 
mountains are considerably elevated above the 
other parts of the surface, they are frequently illu- 
minated when they are at a considerable distance 
from the confines of the enlightened* hemisphere, 
and by this means afford us a method of deter- 
mining their heights. 

Thus, let £6D (PI. X. fig. 5.) be the moon's en- 
lightened hemisphere, £Cd the diameter of the circle 
bounding light and darkness, and a the top of a 
mountain when it first begins to be illuminated : 
Then, since the ray of light sea is a tangent to 
the moon at the point a, the angle cea will be a 
right angle ; the line ae, or the distance of the 
point A from the boundary ecd, can also be 
measured by means of a micrometer; and ce 
is the known radius of the moon. We have 
therefore the two sides ce and ea, of the 
right-angled triangle cea, whence we can find 
the third side ca; and subducting the radius 
CB, the remainder a b will be the height of the 
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mountain required. Riccioii observed the top 
of tlie hill called St. Catherine, upon the foorA 
day aft^ the new moon, to be iilucniaalsed when it 
was distant from the confines of the enlightened 
hemisphere about one-sixteenth part of the moon's 
diancieter; and by this means foiMid its height 
to be nine noiles : But Hersehel^ and others, 
skice telescopes have been brought to their pnesent 
degree of perfection, have found that the height 
of the lunar mountains are much over-rated, and 
•have shown, that few of them exceed one half or 
three quarters of a mile in height. 

Astronomers were formerly of opinion that ^ 
noon had no atmosphere, because she is never 
obscBred by clouds or vapours, and because tiie 
fixed stars, at the time of an occultation, disapf)ear 
instantaneously, without any gradrial dirainirtion 
of their light. But if we consider the eflfocts of 
days and nights, which are near thirty times as 
long as w ith us, we may readily grant that tbe 
phaenomena of va^urs and meteors must be very 
d^iflerent. And besides, the vaporous or obscure 
part of our atmosphere is only about the one thou- 
sand nine hundred and eightieth part of tlie earth's 
diameter, as is evident from the heisjht of tlie 
clouds, which is seldom above three or four miles; 
and, therefore, as tl>e moon's apparent diaineler is 
onfly about thirty-one iMFinutes and a half, or ow 
thousand dglit hundred and ninety seconds, the 
obscure part of her atn^osphere, supposing it to 
resemble our own, when viewed from tbe^arth, 
must subtend an onEle of less than one second ; 
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which is so small a space, that observation^ must 
be extremely accurate to determine whether the 
supposed obscuration takes place or not.(5r) 

In looking at the moon through a telescope, we 
constantly observe the same face; from which it is 
evident that she turns only once round upon her 
axis in the time of every periodical revolution ; so 
that the inhabitants of the moon have btt one day 
and night in the course of a month. This rotation 
on her axis, which is the most uniform motion the 
isjf^pn has, occasions a seeming irregularity, which 
is called her libration : for as the moon's mo* 
tion in her orbit is not uniform, the effect it has in 
turning her face from the earth is likewise subject 
to the same irregularities ; so that, for instance, in 
the swiftest part of her revolution, her face is 
turned from the earth something more than her ro- 
tation on her axis turns it the contrary way; and 
therefore she will appear to have a small motion 
on her axis towards the east. 

In the slower part of her revolution^ the con- 
trary will be seen ; for then the rotation on her 
axis prevailing, brings the western parts into sight, 
and occasions the eastern to disappear. This is 
called libration in longitude ; besides which there 



(9) Notwithstanding what is here advanced^ however, 
Schroeter, an eminent German astronomer, is said to have as- 
certained that such obscuration really takes place^ and hence 
he not only infers the existence of an atmosphere, but has 
also estimated the height of it 5 whicb^ according to him, 
does not exceed four or five miles. 
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is another kind of libration» that arises from the 
moon's axis being inclined to the plane of her 
orbit ; on which account, sometimes one of her 
poles, and someumes the other, is inclined towards 
the earth. In consequence of this we see more or 
less of the polar regions at different times, and 
therefore this motion is called libration in latitude. 

One of the most remarkable phsBnomena attend- 
ing the moon, is the continual change of figure to 
which she is subject. Sometimes she appears per- 
fectly full, or circular, at other times only half or 
a quarter illuminated, changbg through a great 
yariety of shapes. And as these changes are al- 
ways the saniie at the same elongation from the 
sun^ they prove that she receives her light fipm 
that luminary : for the moon being enlightened on 
that side only which faces the sun, a greater or 
leda quantity of that enlightened part will be visi* 
ble, according as it is turned tovi^ards us, or from 
us; and her figure will conseqiiently appear to 
vary through the whole of her revolution. This 
may be easily illustrated by means of an ivory ball ; 
which being held before a candle in various posi- 
tions, will present a greater or less portbn of its^ 
illuminated hemisphere to the view of the observer, 
according to its situation. 

The same thing may also be shown thus : Let s 
(PI. XVII f.) represent the sun, t the earth, a, b, 
e, D, &c. the moon's orbit: then when the moon 
is at A, in conjunction with the sun s, her dark 
side being entirely turned towards the earth, she 
will disappear, as at ^, and is now called the new 
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moon. When she comes to her first octant at b, 
or has gone through an eighth part of her orbit, a 
quarter of her enlightened hemisphere will be 
turned towards the earth, and she will then appear 
horned, as at b. When she is at c, or has gone 
through A quarter of her orbit, she shows us one 
half of her enlightened hemisphere, as at c, and is 
then said to be a quarter old. At d she is in her 
second octant, and by showing us more of her en- 
lightened hemisphere than at c, she appears gib- 
bous, as at d. At £, her whole enlightened side is 
turned towards the earth, and now she appears 
round, as at e, and is said to be at her full. In 
her third octant at f, part of her dark side being 
turned towards the earth, she again appears gib- 
bous, and is on the decrease, as at y! At o we 
see just one-half of her enlightened side, at which 
time she appears still farther decreased, as at g. 
When she comes to her fourth octant at h, we only 
see a quarter of her enlightened hemisphere, which 
occasions her to appear horned, as ,at h. And at 
A, having now completed her course, she again 
disappears, or becomes a new moon as before. 

Another remarkable circumstance, or appear- 
ance, relating to this body, is what is usually 
termed the Harvest Moon. 

In general this luminary, by revolving about the 
earth in the course of one lunation from west lo east, 
that is, in the same direction as the diurnal rotation 
of the latter body is performed, advances every 
day about twelve degrees forward in her orbit. 
And, therefore, supposing the moon to rise with 

z 2 
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any fixed star on one night, the next night when 
the same star appears, the moon will be about 
twelve degrees below the horizon ; and, consci 
quently, will not rise so soon as the star with 
which she rose the preceding night, by about fifty 
minutes. 

This at least would always be the case if the 
moon's orbit were in the plane of the equator; but 
as it is nearly in that of the ecliptic, and different 
portions of this circle rising in the same time, ac* 
cording to the degree of obliquity which it makes 
with the horizon of any place, it follows, that the 
moon will rise with a greater or less difference of 
time, on any two successive nights, according as 
the ecliptic and horizon form a greater or less angle 
with each other. 

And since this angle is always the least when 
the moon is in the sign Aries, where the ecliptic 
cuts the equator, it will, at that time, rise with a 
less difference of time than in any other part of 
her orbit; and as she is also ^t the full, in the 
autumnal quarter, when in this sign, it follows, 
that the full moon which happens at this season, 
will rise almost immediately after the sun sets, for 
several nights together, and is therefore generally 
called the harvest moon ; the advantage of which 
to the husbandman, in gathering in the fruits 
of the earth, was for a long time better understood 
than the physical cause from which this advan- 
tage was derived. 

In southern latitudes the same thing happens 
when the moon is in the opposite sign Libra ; which 
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being the harvest season in tliose climates, renders 
it equally serviceable in the southern as in the 
northern hemisphere. 

Thus we perceive the great directing hand of 
the Deity in every operation of nature; vi^isdom 
and design are seen in all his works ; every phae- 
nomenon of the heavens displays intelligence and 
art; and raises in our minds the most exalted 
ideas of the wisdom, power and beneficence, of 
the great Creator and Director of the whole. 

In order to illustrate this pliaenomenon by a 
figure ; let p'p (PI. viii. fig. 4.) represent the axis 
of the world ; qu the equator at right angles to 
the same ; eg the ecliptic, in which, for the pre- 
sent, we will suppose the moon*s motion to be per- 
formed ; and ho the horizon of any place in north 
latitude, in which the rising and setting of all the 
celestial bodies are observed. Let also a be the first 
point of Aries, where the ecliptic cuts the equator, 
and Atnc the order of the signs, or the direction 
of the moon's motion in her orbit. Then if we 
suppose this luminary to rise at a on any one 
night, the next night, at the same time, she will be 
advanced in her orbit to m; therefore, it is evi- 
dent, that the smaller the angle oac is, the sooner 
after that time, will she be seen in the horizon 
uo; because the motion of the sphere is made 
about p'p. 

It is also obvious, that the higher the latitude 
of the place is, or the more the point p is elevated, 
the less will be the difference in the time of her 
rising on any two successive nights ; because the 
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aogle OAC will thus become less aod less. Con- 
sequently if the pole were elevated till ec coin- 
cided with HO, she would then rise on any night at 
the same hour that she rose the ni^ht before; as 
is the case in latitude sixty-one degrees twenty- 
three minutes north ; and if it were still more ele* 
vated, so that £ fell below h, then she would rise 
earlier each night than she did on the preceding 
night; which is actually the case in all places whose 
latitude is greater than sixty-one degrees twenty- 
three minutes. 

At present we have supposed the moon to 
move in the plane of the ecliptic, but this is not 
precisely the case ; for her orbit is inclined to that 
circle at an angle of iive degrees nine minutes; 
and, therefore, instead of her motion being in ac, 
it is really performed in hz (PL viii. fig* 5.) ; and 
therefore the angle oac, is reduced to oaz ; aiid 
consequently the eflPect which has been already ex- 
plained on the former supposition, will be still 
more strongly marked by the d^r^ase of the angle 
between the horizon and th^ plane of the moon's 
orbit. 

I have already observed, that this happens every 
time the moon is in the sign Aries ; but it is little 
noticed except in the autumnal quarter ; because 
it is only at that period that the moon is at the full 
when she is in this sign. In the latitude of Lon- 
don, the difference in the time of rising of the full 
moon at this period, is about twenty minutes, and 
therefore for six days together there is only a 
variation of two hours j whereas, at any other sea- 
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son, there would be a variation of five houis } the 
daily difference of rising being in that case about 
fifty minutes: which circumstance enables the 
husbandman to employ the time that is so precious 
to him at this season^ to the greatest possible ad* 
vantage, either by cutting his corn, or carrying 
that which has been already prepared by the me-^ 
ridian heat of the preceding day's sun. 

The horizontal moon is another remarkaUa 
f^senomenon attending this luminary^ that it may 
be proper to notice; by which is to be under- 
stood its apparent increase of magnitude when 
in the horizon. Every one must have observed^ 
that the diameter of the moon wheA she rises or 
sets, always appears considerably greater than 
when she is more elevated; whereas, as she is 
really fiirther from us in the former case» than in 
the latter, she ought from the principles of optics 
to appear less.(r) Various hypotheses have been 
advanced to account for this phenomenon; some 
attributing it to the faintness of thje light by which 
she is then visible ; which gives us an idea of her 
being at a greater distance; Because we always 
judge of the magnitude of bodies by means of the 



' {r) That the inoon is fertherfirom its when seen in theho- 
rizop> than when near the zenith may be shown thus: Let 
BAC (PI. 9. fig- 9.) represent the earthy h the moon in the 
horizon^ and m' the same in the zenith, and draw ua, m c ; 
then because any two sides of a triangle are greater than the 
third side> ma and ac are greater than mc or m'c j and there* 
^re, if from each ac be subtracted, there will remain ma. 
greater m'a* 
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angle under which they appear, and the idea that 
we form of their distance ; and therefore, if by any 
means we associate the idea of a greater distance 
under the same angle, we immediately tancy the 
object to be greater than it really is. It is thus 
that a person seeing a fly hovering about a win- 
dow, will sometimes take it for a bird at a much 
greater distance ; which is a deception that almost 
every one has at one time or other experienced. 

In the present case, however, it certainly is not 
the faintness of light which produces this effect, 
though it may tend to increase it; for the samo^ 
takes place with regard to the apparent angular 
distance of any two stars, which is always much 
greater when in or near the horizon than in any 
other part of the heavens,; and the trifling dimi* 
nution which takes place with respect to their 
light, will not be sufficient to account for this 
effect. 

The true cause, indeed, of this phsenomenon, 
seems rather to arise from our being more ac- 
customed to judge of distances in an horizontal^ 
than in a vertical direction ; and therefore, when 
we see the moon rising behind ^rees, plains, or 
mountains, which we know to be at a consider* 
able distance from us; we immediately, though 
unconscious of the impression, refer the moon 
to a greater distance than when we see her more 
elevated, and where there is nothing interposed 
between us, by which our ideas of distance may 
\)e corrected. 

The moon's path or orbit, as I have l>efore ob* 
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served, is inclined to the plane of the ecliptic in 
an angle of about five degrees and a third ; and 
her periodical revolution round the earth is per- 
formed in twenty-seven days, seven liours, forty- 
three minutes, eleven seconds and a half : but in 
this motion there are many irregularities ; so that 
the determination of her true place in the hea- 
vens, for any given instant of time, has ever been 
considered as a problem of the utmost difficulty. 
Newton was the first who pointed out the source 
of these irregularities, and the mode of investiga- 
ting them; and from the principles he has laid 
down we have gradually obtained a more exact 
theory of the moon than could have been expected 
by former astronomers. The late lunar tables of 
Burg, in particular, are considered as extremely 
accurate ; for being compared with numerous ob- 
servations, as well ancient as modern, they are sel- 
dom found to differ above ten seconds from the 
truth. 

But as the theory of the moon's motion is too 
intricate to admit of a popular illustration, I shall 
leave this subject for the present, and proceed to 
give you some account of the rest of the planets. 
Mercury, as .1 have already mentioned, k too near 
the sun to be often seen; but Venus, being higher 
in the system, and more easy to be observed, is 
found to be diversified with spots, and to have all 
the various phases and appearances of the moon. 
Mountains and valleys have also been discovered 
in this planet, by means of good instruments; and 
from the motion of her spots it is determined, that 
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she revolves .round her axis from west to east in 
the space of about twenty-three hours. 

The face of Mars^ on the contrary, b always 
found to be round and full, as his superior situa- 
tion requires ; excepting at the time of the quad- 
ratures, when a small part of the unenlightened 
hemisphere beifig turned towards us, his disc ap- 
pears like the moon about three days after the full. 
This planet is also diversified with spots like the 
moon, by which his diurnal revolution is ascertain- 
ed in the direction from west to east ; and from 
hb ruddy and obscure appearance, as well as from 
other circumstances, it is concluded that his at- 
iBOsphere is nearly of the same densky with that 
of the earth. Herschel ha& observed that two. 
circles surrounding the poles of this planet, are 
very white and luminous, which he considers as 
probably owing to great quantities of snow lying 
there without melting. 

The new planets, Vesta, Juno, Pallas, and 
Ceres, are by far too small to admit of such accu- 
rate observations to be made upon them as is ne- 
cessary for ascertaining any particular spots, or 
other pbaenomena, which might be observed upon 
their discs ; for as the, diameter of the largest of 
them is supposed not to exceed four hundred miles, 
it can scarcely be expected that there should be 
spots sufficiently obvious to lead to anycondusions 
relating to their rotation and figure. The saine 
may also be observed with regard to their having 
satellites, which is highly probable judging from 
analogy with respect to their situation in the 
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system ; but these, should they really exist, must 
be so extremely small, as scarcely to admit-of any 
rational expectation of their being discovered, even 
with the most perfect instruments. 

The telescopic appearance of Jupiter affords a 
vast field for the curious enquirer. This planet 
is surrounded by several faint stripes, (PI. xvii.) 
resembling belts or bands, which are parallel to the 
plane of his orbit, and consequently to each other* 
They are not regular or constant in their appear* 
anoe : for sometimes only one is to be seen, and 
sometimes five ; .and, in the latter case, two of 
them have been known to disappear during the 
time of observation. When' their nun^ber is most 
considerable, one or more dark spots are frequent-* 

^ ly formed between the belts, which increase till 
the whole is united into one large dusky band. 
This planet is also diversified with a number of 

, large spots, which are the brightest part of 
his surface ; but, like the belts, they are subject 
to various mutations, both in their figure and 
periods. 

That remarkable spot, by the motion of which 
the rotation of Jupiter upon his axis was deter- 
mined, first disappeared in 1694, and was not seen 
again till 1708, when it re-appeared exactly on 
the same part of his surface, and has been occa- 
sionally seen ever since. It has been conjectured 
that these belts are seas, and that the variations 
observed, both in them and the spots, are occa* 
sioned by tides, which are differently affected ac- 
cording to the positions of his moons. The four 
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satellites of Jupiter were first observed by Gali« 
leoy the 7th of January 1610, soon after the 
invention of the telescope, but the belts were 
not discovered till near twenty years after- 
wards (^) 

Saturn is at too great a distance for us to dis- 
tinguish, without the most powerful instrument, 
those varieties, which have .been found upon his 
surface; and therefore, it is but lately that the 
time of his diurnal totation has been determined; 
but which is now ascertained to be performed in 
ten hours, sixteen minutes and nineteen seconds. 
By means of a good telescope, we may also dis- 
cover on the disc of Saturn, the faint appearance 
of belts, resembling those of Jupiter, and which 
are probably of a similar nature. The magni- 
ficent ring which is observed to encircle the 
body of this planet, is inclined to the plane of 
the ecliptic in an angle of about thirty degrees ; 
in consequence of which its apparent figure is 
continually varying. When the line of its nodes 



(«) The following Table shows the mean distances of Ju- 
piter*s four satellites, and the times of their periodic revolu- 
tions, as deduced from the most modern and accurate obser- 
rations : the diameter of the planet being taken for unity. 





Proportional DIstancet. 


Periodic revolutions in 

days. 


Ist. Satellite 

2d. 

3d. 

4th. 


6-6973 

9-0659 

14-461 a 

25-4360 


1-76913 

3*55113 

7-15455 

16-68902 
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points directly towards the earth, the ring, pre- 
senting its edge to the observer, becomes invisible ; 
and if the same line points directly towards the 
sun, the ring cannot be seen for want of illumina- 
tion. But in general its figure is that of an oval, 
which is broader or narrower, according as the 
line of the nodes is further from or nearer to the 
abovtt position. 

This ring has the appearance of a large flat 
circle, turned edgewise towards the body of the 
planet, without touching it; its distance from 
Saturn being nearly equal to its breadth, which is 
about thirty thousand miles. It was first discovered 
by Huygens, and for a considerable time was sup- 
posed to'be a single undivided body. But the great 
improvements lately made in the construction of 
telescopes, have enabled astronomers to distinguish 
two rings at a considerable distance apart ; and 
from several dark eccentric circles which are ob- 
served in each of them, it is supposed that they 
are farther decomposed, and that the whole con- 
sists of a number of rings, all in the same plane, 
arranged at different distances from each other.(/) 



(/) The dimensions of Saturn's rings^ as determined by 
Herschel, are as follow : 

English Miles. - 
Inside diameter smaller ring . • • 146345 
Outside diameter . . . . . 184393 
Inside diameter larger ring • • . 190S48 
Outside diameter . • . ... 204883 
Breadth of inner ring .... 20000 
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By means of spots that have been observed on 
the surface of those rings, it has been discovered, 
that tliey revolve about an axis, which is perpendi- 
cular to their plane, in ten hours, sixteen minutes 
and nineteen seconds ; being the ^me time in 
which the planet itself performs his diurnal rota- 
tion ; and the same also as a satellite, at the mean 
distance of the ring, ^ould perform its annual re- 
volution, according to the second law of Kepler; 
which is a remarkable coincidence of the law& of 
gravitation, in an instance where we might least 
expect to find it. But simplicity and universality 
are the grand and distinguishing characteristics of 
the works of the creation. 

Besides this ring, that serves as a sort of per- 
petual moon to enlighten the inhabitants of Saturn, 
he has the advantage of seven satellites, which re- 
volve about him in the same manner as. our moon 
revolves about the earth ; and thus furnishing his 
dreary regions with that constant supply of light, 
which his remote situation, with respect to the sun, 
seems to render so peculiarly necessary. 

The fourth satellite of Saturn was first observed 
by Huygens, and not long after the three first and 
the fifth were discovered ; and these were for s^ 
long time thought to comprise the whde; but 
Herschel, by encreasing the powers of his teles- 

Eoglish Miles. 

Breadth of outer ring • . . . 72GO 

Breadth of the space between the rings . 2839 

Thickness of the ring • . . . 4500 
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copes, has discovered two others ; making seven in 
all; the particulars of which are expressed in the 
note below. (w) 

The next and highest planet in our system is 
Uranus ; and if the immense distance of Saturn 
from the sun, render any observations upon him 
extremely difficult and uncertain, without the aid 
of the most powerful instruments, much more will 
tliese difficulties be increased with regard to this 
. jplanet, which revolves at nearly double the distance 
of Saturn ; and therefore, none of those varieties 
can be discovered on its disc which are observed 
in the less remote planets ; consequently, nothing 
can with certainty be known of the duration c^ 
its diurnal motion. It has, however, been ascer- 
tained from observation, that it has six satellites 
revolving about it, and it is probable, judging from 
analogy, that it is attended by a still greater num- 
ber; but which, on account of his immense distance 



(w) Table of the proportional distances and times of the 
periodic revolutions of Saturn's satellites, the diameter of the 
planet being taken for unity. 





Proportional Distances. 


. Periodic revolutions in 
days. 


1st Satellite 


3080 


0-94271 


«d. 


3952 


1'37024. 


3d. 


4893 


1-88780 


4 th. 


6268 . 


2-73948 


5th. 


8754 


4-51749 


6th. 


20295 


15-94530 


rtb. 


59154 


79-32960 
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from us, are beyond the reach of telescopic obser« 
vation.(cr) 



(x) The proportional dbtances, and the times of the perio- 
dic revolutions of the six satellites of Uranus^ are as follows : 
the diameter of the planet hping assumed as unity. • 





Proportional Distances. 


Pihiodic revolutiona in 
days. 


1st. Satellite 


13^20 


5-8926 . 


2d. 


17-022 


8-7068 


3d. 


19-845 


10-9611 


4th. 


2t-r52 


13-4569 


5th. 


45-507 


38*0750 


6th. 


91-008 


107^6044 
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LETTER XXII. 

ON COMETS; AEROLITHS, AND MSTEOES. 

Having in my last letter explained to you the 
most interesting particulars relating to the planets^ 
I shall now proceed to gife you some account of 
the comets^ those erratic bodies^ which the ancients 
considered as enormous meteors, formed in the 
atmosphere, and sent as harbingers of divine ven- 
geance* This was the prevailing opinion as early 
as the time of Homer, who speaks of 



• • • 



. ''The red cornet^ by Saturnia sent. 
To fright the nations with a dire portent 5 
A fatal sign to armies on the plain. 
Or trembling sailors on the wat*ry main." 

And a similar allusion is also given by Milton, 
who compares the indignation of Satan, at being 
opposed in his passage by Death, to the burning 
of a comet, 

" That fires the length of Ophiuchus huge 
In th' arctic sky, and from his horrid hair 
ShStkes pestilence and war." 



Tycbo Brahe, and Dominique Cassini, were the 
first among ,the modern astronomers who gave 
these bodies a place in our system ; but they ap- 
pear to have been unacquainted, both with their 
motion round the sun, and the true figure of their 
orbits. These particular^ were left for the deter- 

2 A 
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mination of Newton, who has discovered the paths 
they describe, and the laws to which they are sub- 
ject. Their revolutions are now known to be per- 
formed in very long ellipses, whose lower focua is in 
or near the sun, being governed throughout by the 
fwne law, of describing equal areas in equal timeS) 
which is known to regulate the tnolions of all the 
other bodies in the system. 

By observations of parallax it is also found, th^t 
at their fii^t appearance they are nearer to lis than 
J4ipiter ; from which it is concluded that tlrey we, 
ki genera], less than that planet; for if they were 
as large, they would be seen as far off. in their 
motions round the sun they are also subject to the 
same irregularities as the planets; but as. their 
orbits are extremely eccentric, those variations are 
much more considerable. When they are near the 
sun, their motion is very rapid, and in the more 
distant parts of their orbits extremely slow ; so 
that their vicissitudes, in this respect, are as much 
in the extreme as what they undergo from heat 
and cold. 

When a comet arrives within a cerf^iin distance 
of the sun, it emits a fume or vapour called its 
tail ; which shows that these bodies contain a por- 
iAckk of matter considerably more rare and volatile 
than any on the eaarlh ; for the tail begins to ap- 
pear when they are yet in a higher, and conse- 
quently a colder region, than Mars. In every si- 
tuation of the comet the tail is always directed to 
that part of the heavens which is nearly opposite 
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to the slnfi ; and is always greater after the comet 
bsus passed its perihelion, than <juring its approach 
towards it, being greatest of all when it has just 
left that point. 

The bead of the comet is also surrounded with 
a substance similar to the taii, which is called the 
coma ; the h^ad itself being easily distinguished 
from it by its shining with a much greater lustra ; 
tfDd the nucleus, which is the body of the comet? 
is still brighter than the head, but very small, and 
not distinguishable except by means of the best 
triescopes. 

That part of a comet's orbit, which comes un- 
d^ our inspection, is so small in proportion to the 
whole, that ft dilfferd but Ijttle from a parabola; 
for which reas6n the dimensions of their orbits and 
periodical times cannot be ascertained, with any 
degree of precision, from a single observation. 
Butfrote the re-appejft'ance of several comets, after 
long intervals of time, in the same region of tlie 
heavens ; and from th^ir being found to move in 
the same curve, it is evident that their revolutions 
must be performed in certain stated times, like 
those of the planets. This indeed has been shown 
by Halley, who, from the theory of Newton, has 
calculated tables for determining the orbits of the 
comets, which, in some instances, have been found 
agreeable to observation. 

But it is very difficult to determine with accu- 
racy the elements of their orbits, which are so ex- 
tremely eccentric, that a very small error in the 

2 A 2 
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observation, will change the computed orbit into a 
parabola or hyperbola. And -as the thickness and 
inequality of the atmosphere, with which the comet 
is surrounded, render it impossible to ascertain, 
with any degree of precision, when either the limb, 
or centre, pass the wire of the telescope at the 
time of observation, much uncertainty must neces- 
sarily attend the result thus deduced. The only 
safe method therefore to determine the periods of 
comets, is to compare the elements of all those 
that have been computed, and where any remark- 
able coincidence is perceived, an identity may be 
inferred ; it being extremely improbable, that two 
different comets should have the same inclination, 
the same perihelion distance^ and the places of the 
perihelion and the node the same. By this means, 
the periodic time being determined, the major 
axis of the orbit becomes known from the laws of 
Kej)ler, and the perihelion distance being likewise 
obtained from observation, will also give the minor 
axis of the orbit. 

It was thus that Dr. Halley was enabled to 
foretell the return of the comet in 1 759 ; he hav- 
ing, by comparison, found that it had before 
appeared in the years 1456, 1531, 1607 and 
16§2, and therefore, that its period was about 75 
years. But as the comets sometimes pass very 
near the planetary bodies of our system, a consi- 
derable variation may frequently happen in their 
periods of revolution, as was the case with the 
comet above-mentioned ; and therefore, if the ele-* 
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ments *of their orbits agree in other respects, a 
little variation in the time of their re-appearances 
will be no reason for supposing them not to be the 
same. The twq comets which appeared in 1532, 
and 1661, were also supposed by Dr. Halley, to 
be one and the same ; from which he inferred that 
it would appear again in 1 789, or 1 790 ; but al- 
though three comets were observed in the latter 
year, no one of them answered, in any respect, to 
that whose return was expected. That remarkable 
comet which appeared in 168O, was also supposed 
to be the same which is recorded as having been 
seen in 1 106, and that its period is five hundred 
and seventy-five years; but this is very doubtful, 
and little insisted upon by modern astronomers. 

The immense distances to which these bodies are 
carried, and the comparatively small part of their 
orbit which comes under our inspection, as well as 
their imperfect undefined appearance in the teles- 
cope, and the great interval of time which elapses 
between their re-appearances, are impediments 
which nothing but time and the most accurate and 
diligent observations can remove ; and therefore 
many ages must necessarily elapse, before the 
theory of comets can be brought to perfection. 
Every thing however, that ingenuity and industry 
can accomplish, may be expected from the astro- 
nomers of the present day, whose diligence and ac- 
curacy have led them to many interesting dis- 
coveries, and to whose future perseverance we may 
confidently look for others equally important. 
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The comet which appeared in September ISOT^ 
was the most cobspicuous of any that had lately 
visited our system, and created a very lively ia- 
terest and general curiosity. Numerous observa*- 
tions were made upon it both by the English and 
continental astronomers, some with a \mw of der 
termining the elements of its orlnt, while others 
were intended to ascertain its physical conforma- 
tion. Those of Dr. Herschel were particularly 
directed to the latter object, and were continued 
by him from October 4tb, 1 807, to February 2 1 st, 
1 808. From these it appears, that the nucleus 
of this comet was round, bright, and well defined, 
shining in all its parts with equal lustre, whereas^ 
by calculating its phases it ought, bad it shone 
only by the borrowed rays of the sun, as is gene- 
rally supposed, have had a defalcation of light, 
proportionate to that of the moon about a day or 
two after the third quarter. From this it is in- 
ferred, first, that the comets shine by their own na^ 
tive light, and not by means of the reflected rays of 
the sun ; and secondly, that the nucleus has a real 
disc, and that it is composed of a dense and solid 
matter similar to the planetary bodies. The nu* 
cleus itself of this comet, appeared of nearly the 
same magnitude as the third satellite of Jupiter; 
whence, by estimating its distance aad other par- 
ticulars, its diameter is computed to be about fivQ 
hundred and thirty-eight English miles. It passed 
its perihelion September 13th, 1807; at which 
time its distance from the sun was about ^l^ty-one 
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millions of miles. Its motion in its orbit was di« 
rect; and its periodic revolution, according to the 
computation of M. Bessel, the coadjutor of 
Scbroeter, is completed in no less than one thou- 
. sand nine hundred years; but some doubt seems 
to be entertained of the accuracy of this result 

Various hypotheses have been advanced to ac* 
count for the tails of comets ; but as they are en- 
tirely speculative, it would be both unprofitable 
and uninteresting to enter, in this place, upon that 
topic. I shall, therefore, confine my remarks to 
that part of the subject which is of a less doubtful 
nature; being deduced from actual observation. 
First, it may be observed^ tliat the shadow of a 
comet is generally projected upon its tail, so as to 
be distinctly visible with a good telescope. Heve- 
lius particularly found this to be the case with re- 
spect to the comet of 1665; for in the middle of 
its length there appeared a dark line. The same 
appearance was also observed with respect to the 
comets of 1680 and 1744 ; and the same may also 
be distinctly seen in the comet which is visible at 
this time 1811. 

The lengths of the tails of comets are various^ 
and depend upon a number of different circum- 
stances. Longomontanus mentions a comet that, 
in December 1618, had a tail which appeared 
under an angle of one hundred and four degrees ; 
that of 1744, had also a tail which at one time sub- 
tended an angle of sixteen degrees from its body, 
and which was estimated to have been more than 
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twenty-three millions of miles in length. The dia- 
meter of the nucleus of this comet was nearly equal 
to that of Jupiter, and for bed one of the most 
beautiful celestial objects ever recorded. The tail 
of the comet of 1759 appeared under an angle of 
ninety degrees; and tlmt of 1680 had its tail, ac- 
cording to Newton, very brilliant, and subtending 
an angle of seventy degrees. 

This comet approached, at its perihelion, to 
within about five hundred and seventy-two 
thousand miles of the sun, and in November was 
not tnore than a semi-diameter of the earth's 
distance from our orbit; and consequently, had 
the earth at that time been near the same place, a 
great change must necessarily have taken place, 
both with regard to the inclination, and other ele- 
ments of her orbit, if a total annihilation had not. 
ensued from so near an appulse. The heat of this 
body, at the time of its perihelion, was estimated 
by Newton to have been about two thousand times 
hotter than red-hot iron ; which is so intense, that 
had it been composed of matter like our earth, 
vapours, exhalations, and every volatile matter 
must have been immediately consumed and dissi- 
pated. 

The number of comets belonging to our system 
is unknown ; but from the accounts of the ancients, 
and the more accurate observations of the moderns, 
it is ascertained, that about five hundred have been 
seen,, since the commencement of our aera; al- 
though of this number, it is probable that some of 
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them may have re* appeared several times : how- 
ever, when the attention of astronomers was called 
to this object, by the expectation of the return of 
the comet of 1759, no less than seven were ob- 
served in the course of as many years ; and from 
17 BO to 1800, about thirty comets have been seen, 
and the elements of their orbits computed.^ From 
these circumstances therefore, and the probability 
that most of the cdmets of small apparent magni- 
tudes were overlooked by the ancients, it is reason- 
able to conclude, that their number is considerably 
beyond any estimation that can be made from the 
observations we now possess. 

But the number of comets whose orbits are 
settled with sufficient accuracy for us to ascertain 
their identity when they appear again, is about 
one hundred. The orbits, of most of these are in- 
clined to the plane of the ecliptic in large angles, 
and in their perihelions many of them come much 
nearer the sun than the earth does. Their mo- 
tions in the heavens are also various, or different 
from those of the planets; some moving in con- 
sequentia, or according to the order of the signs, 
and others in antecedentia, or a contrary direc- 
tion ; but from a comparison of the whole it has 
been found, that the number whose motions are 
retrograde is nearly equal to the number whose 
motions are direct.(j/) 

These different motions of the comets, and the 
various inclinations of their orbits to the plane of 



(y) The following Table shows the times of the last twenty^ 
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the ecliptic, could never have been the work of 
chance, but mast have arisen from wisdom and de- 
fiigo. For had their orbits been nearly coincident 
with that of the earth, the two bodies might have 
arrived at the point of intersection at nearly the 
same time, and by their shock have occasioned the 
most fatal consequences to our globe. But of all 
the comets which have hitherto been observed, 
there are none that are in the least likely to give 
any disturbance to the earth. Should any of them 
approach so near u^ as to be more attracted by 



one comets that have been observed, passing their perihe]ion> 
and their nearest approach to the sun. 



Years. 


Passaflet through 

the rerihelion. 


PerihelioB, or nearest 
distance from the Sun, 
in.Eagliali miles. 


Direction of 

their motioip. 


1790 


Jan. 15 


71 millions 


Retrograde 


1790 


Jan. 2B 


101 


Direct 


1790 


May 21 


75 


R 


1792 


Jan. IS 


122 


R 


1792 


Dec. 27 


91 


R 


1793 


Nov. 4 


38 


R 


1793 


Nov 18 


142 


D 


1795 


Dec. 15 


23 


D 


1796 


April 2 


149 


R 


,1797 


July 9 


,50 


R 


1798 


April 4 


46 


D 


1798 


Dec. 31 


73 


R 


1799 


Sep. 7 


79 


R 


1799 


Dec. 25 


25 


R 


1801 


Aug. 8 


22 


R 


1802 


Sep. 9 


103 


D 


1604 


Feb. 13 


101 


D 


1805 


Nov. 18 


35 


D 


1806 


Dec. 31 


84 


D 


ieo6 


Dec. 28 


102 
61 


R 


1807 


Sep. 18 . 


D 



£ET. XXII.] ASltOIITHS, AND METEORS. 363 

the earth than the sun, we might indeed, by that 
means, acquire another moon, which would be a 
chiuigeto our advantage, rather than a subject of 
terror' and dismay. 

Halley attempted to show, that the celebrated 
comet of 1680 was the same with that which was 
seen about forty-six years before Christ, or soon 
after the death of Julius Caesar; and after having 
discovered its period to be about five hundred and 
seventy-five years, he concluded that this comet 
must also have appeared near the time of the uni* 
versal deluge, and that it was probably the occa- 
sion of that catastrophe. This he imagined was 
effected by the immense quantity of humid vapours 
which composed its tail : and Whiston, who sup- 
ported this conjecture with much ingenuity, was 
likewise of opinion, that the general conflagration 
will be occasioned by our being involved in the 
tail of the same comet, after it has been prodi* 
giously heated in its passage from the sun. 

Newton, on the contrary, conjectured, that this, 
as well as all the other comets, coming nearer and 
nearer to the sun in every revolution, would at 

* 

length fall into that luminary, and serve as aliment, 
or fuel, to supply the loss of matter, which must 
tkrise from the continual emission of the particles 
of light. These, however, are mere hypotheses, and, 
as such, but of little value. The same also may 
be said of every thing that can be advanced con- 
cerning their being inhabited worlds : for if ani-^ 
mals can exist there, they must be creatures very 
different from any that we have the least concep* 
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tioD of. Some, who have indulged themselves in 
visionary ideas of this kind, have imagined, from 
the prodigious vicissitudes of heat and cold which 
they are subject to in different parts of their or- 
bits, that they are the receptacles of reprobated 
spirits ; and others, with equal propriety, place the 
infernal dominions in the sun. 

It must be observed, however, that the conjec- 
tures concerning planetary worlds are not so ex- 
ceptionable as those relating to the comets. For 
as the (earth is shown to be a planet similar to the 
others in our system, we may reasonably conclude 
by analogy, that they must be designed for the 
same purposes, though, from their different pro- 
portions of heat and cold, it is not credible that 
beings of our make and temperament coutd live 
upon them. This, however, can scarcely be af- 
firmed of all the planets ; for the warmest climate 
on Mars, is not colder than many parts of Norway 
or Lapland, in the spring ; though Jupiter and 
Saturn, it must be confessed, are much more so 
than any of the inhabited parts of our globe. 

It also appears, that the greatest heat on the 
planet Venus, exceeds the heat in the island of 
Borneo, or Sumatra, in the East-Indies, about as 
much as the heat in those places exceeds that of 
the Orkney islands, on the northern coast of Scot- 
land ; so thaf et sixty degrees of north latitude, on 
this planet, if its axis were perpendicular to the 
plane of its orbit, the heat would not exceed the 
greatest heat of our earth ; and of course, vegeta- 
tion might be carried on, and animals, of a species 
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like ours, might subsist. And, if Mercury's axis 
be supposed to have a like position, a circle round 
each of his poles, of about twenty degrees in dia- 
tueter, would have the same temperature as the 
wanner regions of the earth ; though in the hottest 
climate of this planet water would continually boil, 
and most inflammatory substances be dissipated 
and destroyed. 

These estimations, however, are made upon a sup- 
position of light and heat being reciprocally as the 
squares of the distances from the sun; but this seems 
to be by no means conclusive. For it is a fact now 
well established, by the aerial voyages that have 
been effected by means of balloons, as also from 
the perpetual cold on the tops of the highest moun- 
tains, tlmt both light and heat depend upon the 
refractive powers of the atmosphere ; being greater 
or less in proportion to its density or rarity. And 
consequently, if our earth was surrounded by an 
atmosphere, the rarity of which at the surface, was 
the same as it is now at an altitude of four or five 
miles^ our present vegatation could be no Jonger 
carried on, and almost all animal life would be- 
come extinct And on the contrary, jf it were 
more dense than it is, thesiame effects would fol- 
low, but from an opposite dause, as the heat in the 
latter case would be as insupportable, as the cold 
in the former. It is therefore only necessary, that 
th€ planets should have atmospheres fitted to their 
various situations, in order to produce an equal 
degree of light and heat in every planet throughout 
ihe solar system. 
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It is not, however, at all necessary that the 
planets should be inhabited by animals like those 
upon the earth. That endfess variety which we 
observe in every part of the creation which comes 
under our inspection, plainly indicates that there 
may be beings of whose nature and properties we 
can have no conception. We cannot suppose that 
the creative powers of the Deity have been em- 
ployed only in peopling our little globe, which is 
but an atom in the universe: it is most probable,, 
that there is an order of existences, in every planet, 
peculiar to its end and design, and that the Creator 
has adapted the inhabttants of each to their sitaa- 
taon. Whether we shfiU ever be permitted to see 
the grand scheme of nature completely unfolded, 
is a matter beyond the reach of science to deter* 
mifte ; but we have the hi^est reason ^to expect 
that our prospects will be further extended, and 
that our hopes of contemplating the more glorious 
works of creation will not be disappointed. 

I have thus ^ven you a popular view of thef 
three distinct orders of bodies which compose the 
solar system ; but besides the planets, satellites, 
and coniets, which may be considered as perma* 
nent $xxd regular, there are other bodies of a very 
singular nature, which it is even doubtful whether 
or not they may be properly considered as subjects 
of astronomical investigation ; as, however, they 
are attended with pheenomena of ar very novel and 
and curious description, a short account c^ them 
cannot lul of proving both interesting and mstr ac- 
tive. 



LET. XICII.^ A£ROLITH$, AND METEORS. 367 

Tbe bodies to which I allude are called aero* 
lithSy or air stones, having received this denomina- 
lioo from tbe circumstance of their falling from, 
or through our atmosphere, and frequently pene* 
trating a considerable depth into the earth ; being 
commonly preceded by a luminous appeanmce 
which indicates their motion in the heavens. 

Meteors,* or fire-balls, have, in all ages and cli- 
mates, been observed, at tiiaaes, to traverse ttife 
higher regions of tbe air ; and inany of them have 
been described by eye-witnesses. A remarkable 
phenomenon of this kind was observed in 1783, 
when a meteor exceedingly large and brilliant 
passed over England and a considerable portion of 
tbe continent of Europe, illuminating every place 
crver which it passed with an awful grandeur that 
astonished every beholder ; its motion was amaz- 
ingly rapid ; and frOm observations made upon it 
in different places, it is computed that its diameter 
was little less than three quarters of a mile, and its 
altitude above the terrestrial surface, at least sixty 
miles. 

The motion of meteors in general is accom- 
panied with a hissing noise, resembling that of a 
shell in the air when projected from a piece of 
ordnance ; and at their disappearance an explosion 
takes place resembling that of a clap of thunder; 
which is usually attended by the fall of several stones 
of different magnitudes, that bury themselves in the 
earth ; many of them continuing luminous till they 
reach the surface ; being then still warm, and bear- 
ing evident marks of recentfusion. These stones 
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are frequently mentioned by ancient authors, but 
the truth of their reports was much doubted, and 
supposed to have had no other foundation than in 
the chimerical ideas of fanciful philosophers. But 
since, of late years, the truth of the fact has been 
positively ascertained, considerable attention has 
been paid to this curious subject ; many recent falls 
of a similar kind have been well attested ; .and the 
bodies themselves submitted to a chemical ana^ 
lysis. From this latter process one of the strongest 
characteristics of aeroliths has been deduced ; 
which is, that they bear an' exact resemblance to 
each other, at the same tifne that they are totally 
diiferent from any known terrestrial body.. 

I shall not, of course, enter here into a minute 
description of their component parts, as that sub- 
ject belongs properly to chemistry ; but shall barely 
observe, that they are composed of a mixture of 
earths and metals, in certain proportions, vvhich 
have' been found to obtain in all those that have 
hitherto been examined, on whatever part of the 
globe they may 'have fallen ; their specific gravity 
being also nearly the same. This striking resem- 
blance in their composition seems to indicate that 
they have a common origin ; while their dissimi- 
larity to all. terrestrial substances, denotes it to 
be foreign to our globe ; but m hat it is, or the 
cause to which it may be attributed, has, at pre- 
sent, eluded the researches of every philosophical 
enquiry which has been instituted, in order 
to elucidate this interesting question. But 
though no physical explanation of the origin or 
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formation of these bodies has been yet found, vari- 
ous hypotheses have been advanced on one hand, 
and refuted on the other. Some have attributed 
them to terrestrial volcanoes, and others to those 
of the moon ; and on submitting the latter supposi- 
tion to computation, it has been ascertained, that a 
velocity of about four times that commonly given 
to a cannon ball, would be sufficient to bring them 
within the sphere of the earth's attraction; after 
which they would fall towards its centre from the 
established laws of gravity. And as the existence 
of such volcanoes has been discovered from obser* 
vations on the lunar disc, and those of the earth 
being known to possess a much greater power than 
is required in the present case, this hypothesis is 
not so extravagant as it may on the first view of it 
be imagined. 

Other philosophers have supposed them to be 
small planets, which coming within the attractive 
power of the earth, are drawn towards it, and take 
fire from the resistance and fiiction which they 
experience in passing through our atmosphere; 
to which hypothesis, the discovery of the planets 
Ceres, Juno, &c. is considered by some, as giving 
a considerable degree of. probability. But the 
most general opinion of modern chemists is, that 
they are concretions, formed in the atmosphere 
itself; although at present we are without the sup- 
port of sufficient experiments to countenance this 
supposition. Various objections^ indeed, might be 
made against every hypothesis that has yet been 
advanced, to account for the origin of these sin"- 
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gular substances ; which are foupd of different 
magnitudes, weighing from two or three pounds, 
to several hundred weight. All that is known 
with certainty on the subject is, that they are the 
fragments of meteors, or fire-balls, that have ex- 
ploded in the atmosphere ; but whence they de- 
rive their origin, and to what cause it may be at- 
tributed, are questions which at present are in- 
volved in the greatest mystery, and will probably 
continue for ages to bafSe all the attempts of phi- 
losophers to explain thetn.(^z) 



{z) The following are some of the most interesting and 
best authenticated facts, that have been hitherto related, re- 
specting the falls of aeroliths. 



Substances. 



About laoo itones» 

one of 120lbB. 

and another of 

60lbs. 
A shower of viscid 

matter. 
A stony mass. 
Twelve stones. 

A stone of 5 libs. 

Shower of stones. 
Mass of 70 cubic 

feet 
Several stones from 

10 to 17lbs. 
Mass of iron, 14 

quint. 



Places where they 
felL 



] 



Padua, in Italy. 



Ireland. 

Niort, Normandy. 

Sienna, Tuscany. 
) Wold Cottage, 
) Yorkshire. 

Benares. 

> America. 

> Normandy. 
Siberia. 



} 



Period of their 
fall 



1510 

1695 

1750 
July 1794 

Deo. 13, 1795. 

Dee. 19, 1798. 

April 5, 1800. 

April 26, 1803. 

Very old. 



TestimoBy. 



Cardan. 



Muschenbroeck. 

Lalande. 

Earl of Bristol. 

Captain Topham. 

X L. Williams, Esq. 

{Philosophical Ma* 
gazine. 

Fourcroy. 

P^ks, Chladne,' 
&c 
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LETTER XXIII. 

OF THE ECUPSES OF THE SUN AND ftfOONT. 

Of all the phaenomena of the heavens, there are 
none that engage the attention of mankind more 
than eclipses of the sun and moon ; and to those 
who are unacquainted with astronomical princi- 
ples, nothing appears more extraordinary than the 
accuracy with which they can be predicted. In 
the early ages of antiquity^ ere religion and science 
had enlightened the world, appe.arances of this 
kind were generally regarded as alarming devia- 
tions from the established laws of nature, and but 
few, even among philosophers themselves, were 
able to account for them. At length, when men 
began to apply themselves to observations, and the' 
celestial motions were better understood, these 
phaenomena were found to depend upon a regular 
cause, and to admit of a natural and easy solution. 
It is to be observed, however, that most of the 
ancient calculations of eclipses must have been 
extremely defective; for as astronomy, in those 
times, was but imperfectly understood, all its de- 
pendent parts must have been subject to great in- 
accuracies. It is only since Newton has unfolded 
the theory of gravitation ; and the science of me- 
chanics has been brought in to give its assistance 
to philosophy, that we have had a just idea of the 
construction of the universe ; and though eclipses 
might have been computed independently of this, 
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knowledge, yet the calculations must have been 
far less exact than they are at present. 

The accounts which are to be found in many of 
the early historians, concerning the prediction of 
eclipses, by Thales, Anaxagoras, and others, who 
lived long before the commencement of the Chris- 
tian sera, are only to be understood of some of the 
most remarkable of these phenomena, which a 
gross calculation might determine, sufficiently near 
the truth to excite the admiration of an unin- 
formed age. There are many elements that are 
used in the exact computation of solar eclipses in 
particular, which astronomers, in a less advanced 
state of the science, must have been totally unac- 
quainted with; and as the moderns, by these 
means, have rendered their calculations far more 
accurate and precise, it affords a convincing proof, 
even to the most illiterate, that the principles from 
which such a perfect knowledge of the heavenly 
motions is derived, must be just and undeniable. 

To enter into a popular explanation of all the 
principles of this doctrine, would be no easy task. 
I shall therefore only attempt to give you a general 
idea of the subject, and to show you, without the 
embarrassment of calculations, the foundation 
upon which it depends. In the first place, then, 
it is to be observed, that all opaque or dark bodies, 
when they are exposed to the light of the sun, cast 
a shadow behind them in an opposite direction : 
and as the earth is a body of this kind, whose 
shadow extends over a large space, and to a great 
distance, it is plain th^t the moon^ in passing 
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through this space, must be deprived of her light, 
or suffer an eclipse. 

And because the earth is spherical, the figure 
of the shadow would be cylindrical, if the earth 
and sun were of equal magnitudes : but if the 
earth were larger than the sun, . the figure of the 
shadow would be that of an inverted cone, grow- 
ing thicker and thicker the farther it extended ; so 
that in both these cases it would run out into in- 
finite space, without ever terminating or coming 
to an end, and eclipse the superior planets Mars, 
Jupiter, and Saturn, when they were in opposition 
to the sun. But as this never happens, it is plain 
that the sun is larger than the earth ; and that the 
earth's shadow must be conical, and end in a point; 
The figure of the moon's shadow is also that of 
a cone ; and when it falls upon any part of the! 
earth, the inhabitants of that part will be involved 
in darkness, and the sun will seem to them to be 
eclipsed as long as the shadow covers them. But 
as the moon is much less than the earth, and itsf 
shadow can extend over but a small portion o{ 
the earth's surface, there will be total darkness 
only in that space where the shadow falls; and in 
the circumjacent places, the inhabitants will see a 
greater or less part of the sun's disc obscured, 
according as they are nearer to or farther from the 
shadow : so that eclipses of the sun are always 
confined to particular places ; but those of thQ 
moon may be observed from every part of the 
earth, when ^he is above the horizon at the time 
the eclipse happens. 
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If the sun were no larger than the moon, the 
moon's shadow would frequently extend over a 
portion of the earth's surface of more than two 
thousand miles broad; but this never happens: 
for, except in total eclipses of the sun, when the 
shadow falls very obliquely, it is seldom found to 
be one hundred and iifty miles in breadth : so 
that from this circumstance, as well as from many 
others, it is sufficiently evident that the moon 
most be much less than the sun. And since it 
is likewise found, from the time of the duration 
of many lunar eclipses, that the earth's shadow 
is large enough to cover the moon, if her dia- 
meter were three times greater than it is, it also 
follows that the earth must be larger than the moon. 

Froni what has been said, it is plain that there 
can be no lunar eclipse but at the time of full moon, 
or when she is opposite to the sun ; and that an 
eclipse of the sun can never happen but at the time 
of a new moon, or when she is in conjunction with 
that luminary : for it is only at those times that 
the earth and moon are in a straight line with the 
sun, or that the shadow of the one can fall upon 
the other. And since there is a new and full moon 
every month, it may be naturally enough imagined 
that there should be two eclipses in a month, one 
of the sun, and the other of the moon: but this 
is far from being the case ; for there are but few 
eclipses in comparison to the number of new and 
full moons. 

If, indeed, the plane of the moon's orbit were 
coincident with that of the earth's, the moon would 
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then pass through the middle of the earth's shadow, 
and be eclipsed at every full : and, in like manner, 
the moon's shadow, falling upon some part of the 
earth, would occasion an eclipse of the sun at 
every change. But one half of the moon's orbit 
being elevated about five degrees and a third above 
the plane of the ecliptic, and the other half as 
much depressed below it, the moon can never be 
in the same plane with the earth, but when she is 
in the nodes, or one of the two points where the 
orbits intersect each other. And, therefore, as the 
moon may make a number of revolutions round 
the earth, before a new or full moon takes place in 
one of tbos« points, it is plain that there may be 
no eclipse, either of the sun or moon, in the space 
of several months. 

When the nodes, or two points of intersection, 
are in a right line with the centre of the sun, at the 
time of a new moon, the moon's shadow will fall 
upon the earth, and occasion a solar eclipse ; and 
if they have the same situation at the time of a 
full moon, the earth's shadow will fall upon the 
moon, and occasion a lunar eclipse. But when 
the sun and moon are more than seventeen degrees 
from either of the nodes at the time of conjunction, 
the moon is then genercdly too high or too low in 
her orbit for any part of her shadow to fall upon 
the earth. And when the sun is more than twelve 
degrees from either of the nodes, at the time of 
opposition, the moon is commonly too high or too 
low in her orbit to go through any part of the 
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earth's shadow ; so that in both these cases there 
will be no eclipse. 

But when the moon is less than seventeen de* 
grees from either of the nodes at the time of con- 
junction^ a greater or less portion of her shadow 
will fall upon the earth, as she is more or less within 
this limit : and when she is less thari twelve de- 
grees from the node/ at the time of opposition, she 
will go through a greater or less portion of the 
earth's shadow, according to her situation. And 
as the sun commonly passes by the nodes but 
twice a year, and the moon's orbit contains three 
hundred and sixty degrees, of which seventeen, 
the limit of solar eclipses, on either side of those 
points, and twelve the limit of lunar eclipses, are 
but small portions, it is easy to perceive that there^ 
must be many new and full moons without any 
eclipses. 

The limits I have mentioned are subject to some 
variations ; but, as a scrupulous accuracy, in a 
popular explanation of this kind, would be tedious 
and unnecessary, I shall proceed to illustrate the 
general doctrine by a figure. For this purpose, 
let A BC D (PI. XIX.) be the ecliptic, or the earth's 
path in the heavens ; r s t u a circle lying in the 
same plane, and v w x y the moon's orbit ; one 
half of which x y v is above the ecliptic, and the 
other half v w x below it. Then will the points 
V and X, where the two circles intersect each 
other, be the moon's nodes ; and the right line 
X E V9 drawn from the one to the other, through 
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the earth's centre, will be the line of the nodes ; 
which is carried in a position, nearly parallel to 
itself, round the sun in a year. 

Now it is plain from the figure, that if the moon 
moved round the earth in the circle r s t u, 
which is coincident with the plane of the ecliptic, 
her shadow would fall upon the earth every time 
she was in conjunction with the sun; and at every 
opposition she would go through the earth's sha- 
dow: so that in this case the sun would be 
eclipsed at every change, and the moon at every 
full. But as the moon moves in the circle v wx y, 
which is inclined to the former in an angle of about 
five degrees and a- third, there can be no eclipse 
but when she is in or near one of the nodes v or 
X, at the time of full or (change : for in all >other 
positions, she will be too much out of the plane 
of the ecliptic for her shadow to fall upon the 
earth, or for the earth's shadow to fall upon her. 

When the moon is in conjunction with the sun 
at iy her shadow n must fall upon the earth at a, 
because she is then very near one of her nodes ; 
and at her opposition n, she must go through the 
earth^s shadow i, because she is then near the other 
node. But in the time she goes once round the 
earth, according to the order of the letters x y v w, 
the earth will have advanced forwards from e to 
e; and as the line of the nodes v £ x, is always 
carried nearly parallel to itself, the moon at her 
next change will be at the point Jl which is too 
high above the ecliptic for any part of her shadOMr 
to fall upon the earth. And^ for the same reason, 
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as the earth is still moving forward in its orbit, 
the moon, at her next opposition, will be at ^ ; 
which is too far below the ecliptic for her to go 
through any part of the earth s shadow. 

Again, when the earth has moved through a 
quarter of the ecliptic to f, and the moon is in 
conjunction with the sun s, she will not be at Ar, 
in a plane -coincident with the ecliptic, but above 
it at r, in the highest part of her orbit : and, in 
this situation, the point b of her shadow o, will 
fall as far above the earth as possible. For the ^ 
same reason, the moon, at her next opposition, 
will not be at o, but at w, in the lowest part of 
her orbit, in which situation she will be as far be- 
low the earth's shadow as. possible: so that in 
both these cases the line of the nodes vex will . 
be about ninety degrees from the sun, and the 
two luminaries will be as far removed from the 
limits of eclipses as the nature of their orbits will 

admit. 

When the earth has gone half round the eclip- 
tic, from E to G, the line of the nodes vox, 
is nearly directed towards the sun at s, and then 
the new moon / casts her shadow p upon the earth 
g; and the full moon p goes through the earth's 
shadow L, which brings on eclipses again, as when 
the earth was at e. And w^hcn the ^arth has 
gone three quarters round the ecliptic to h, the 
new and full moons fall not at m and 9, in a plane 
coincident with the ecliptic, but at w and y, about 
five degrees and a third below and above it: so 
that, in this case, the moon's shadow falls as far 
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below the earth, and the earth's shadow as far be-> 
low the moon, as possible ; and they are now re- 
moved at as great a distance from the limits of 
eclipses as when the earth was at f. 

The point x, where the* moon's orbit crosses 
the ecliptic,, is called the Ascending Node, be- 
cause the moon ascends from it above the eclip- 
tic ; and the opposite point of intersection v, is 
called the Descending Node, because' the moon 
descends from it below the . ecliptic. And when 
the moon is in the higher . part of her orbit x y v, 
she is said to have north latitude ; and when she is 
in the lower part v w y, she is said to have south 
latitude. It appears,* also, from what has been 
already observed, that when the earth is at £ and 
G, the moon is about her nodes at new and full, 
and in her greatest north and south latitude at her 
quarters : but when the earth is at f or.H, the 
moon is in her greatest north and south latitude 
at new and full, and in the nodes about her 
quarters. 

If the line of the nodes were always carried 
parallel to itself round the sun, there would be 
just half a year between the conjunctions of the 
sun and nodes. But as the nodes shift backwards^ 
or contrary to the earth's annual motion, about 
nineteen degrees and one third in a year, the same 
node will come round to the sun about nineteen 
days sooner every year than upon the preceding 
one : so that from the time when the ascending 
node x passes by thor sun, as seen from the, earth 
at E, there will be only one hundred and seventy- 
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three days before the descending node passes by 
him. And) consequently, at whatever time of 
the year we have eclipses about either of the nodes, 
we may expect, in about one hundred and seventy 
three diays afterwards, to have eclipses about the 
other node. 

And when, at any time of the year, the line of 
the nodes is in the situation v g x, at the same 
time next year it will be in the situation r o s; 
the ascending node x having gone backwards, or 
contrary to the order of the signs, from x to ^, 
and the descending node from v to r, each about 
nineteen degrees and a third. At this rate, 
therefore, the nodes will shift through all the signs 
and degrees of the ecliptic in eighteen years and 
two hundred atid twenty-five days ; and in this tim6 
there would always be a regular period of eclipses, 
if any complete number of lutiations were finished 
without a fraction. But this never happens ; for 
if both the sun and moon should set out together 
from a line of conjunction with either of the nodes^ 
in any point of the ecliptic, the sun would go 
through eighteen annual revolutions and two hun- 
dred and twenty-two degrees over, and the moon 
through two hundred and thirty lunations and 
eighty-five degrees of the two hundred and thirty- 
first, by the time the nodes came round to the same 
point of the ecliptic again ; and, therefore, the sun 
would be then one hundred and thirty-eight degrees 
from the node, and the moon eighty-five degrees 
from the sun. 

After the sun, moon, and nodes, however, have 
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been once in a line of qonj unction, they will return 
so nearly to the same state again in two hundred 
aiid twenty-three mean lunations, or about eighteen 
years and ten days, as that the same node, which 
was in conjunction with the sun and moon at the 
beginning of the first of these lunations, will be 
withhi less than half a degree of a line of conjunc- 
tion wit^ the sun and moon again, when the last 
of these lunations is completed. And, therefore, 
in that time, there will be a regular period of 
eclipses, or returns of the same eclipses for many 
ages. But the falling back of the line of conjunc- 
tion of the sun and moon, with respect to the line 
of the nodes, in every period, will at length ex- 
haust it, and after that it will not return again in 
less than twelve thousand four hundred and 
ninety- two years. 

Another period for comparing and exan^ining 
eclipses, which happen after long intervals of 
time, is that which consists of six thousand 
eight hundred and ninety mean lunations, or about 
five hundred and fifty-seven years and twenty-one 
days ; in which time the sun and node will meet 
again so nearly, as to be little more than eleven 
seconds distant: but it will not be the same 
cfolipse that returns, as in the shorter period above- 
mentioned. These periods are said to have been 
discovered by the Chaldeans, six or seven hundred 
years before the birth of Christ ; but M« Bailly, 
in his " Histoire de I'Astronomie Ancienne,'' has 
endeavoured to show, that the invention is of a 
much earlier date. He finds, from the testimo- 



382 OF THE ECLIPSES OF THE [LET. XXTIT. 

nies of ancient anthers^ that these periods, as 
well as those of nbeteen, and six hundred years, 
which serve to show the returns of the new 
moons, were known to the ATabs, Indians, Chi- 
nese, and Tartars, long before the sciences were 
cultivated in Greece. And as a knowledge of this 
kind could have only been obtained from a long 
series of observations, or a general and perfect ac- 
quaintance with the celestial motions, he thinks it 
probable, that these, as well as many other disco- 
veries of equal importance, are due to the antedilu- 
vians, or the most ancient inhabitants of the earth. 

But as this is a favourite hypothesis of M.* 
Bailly's, in which I apprehend but few astrono- 
mers will agree with him, I shall leave the justifi- 
cation of his tenets to himself, and proceeid to the 
illustration of our subject. In the first place, 
then, it will be necessary to give you some account 
of the different kinds of eclipses, and the causes 
which produce them. And here nothing more is 
requisite to be observed, than that every variety 
of this kind that can take place, either with respect 
to the sun or moon, is owing to the elliptical figure 
of their orbits, and the position they are in at the 
time the eclipse happens. 

When the moon changes at her least distance 
from the earth, and is within the proper limits of 
the node, she will appear large enough to cover 
the whole solar disc ; and those inhabitants of the 
earth where her shadow falls, will have the sun 
entirely hid from their sight' for some minutes. 
But when the moon changes at her greatest dis- 
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tance from the earth, and is near enough to the 
node, her diameter will subtend a less angle than 
the sun's ; and, on that account, her dark shadow 
must terminate in a point before it reaches the 
earth ; and at the place over which it hangs, the 
sun's edge will appear like a luminous ring all 
round the body of the moon. 

The former of these is called a total eclipse, 
and the latter an annular one. And as the moon's 
apparent diameter when largest, exceeds the sun's 
when least, by only about a minute and a half of 
a degree, the total darkness, in the -greatest eclipse 
of the sun that can happen at anytime and place, 
will continue no longer than whilst the moon goes 
through a pninute and a half of her orbit from 
the sun ; which she. describes in a little more than 
three minutes of time. But when the change 
happens within seventeen degrees of the node, 
and the moon is at her mean distance from the 
earth, the point of her shadow will just reach the 
earth, and the darkness, on the small spot where 
it falls, can be only of a moment's continuance. 

A total eclipse of the sun is a very curious 
spectacle. Clavius, who observed the one which 
happened on the 2 1st of August, 1560, at Coimbra, 
in Portugal, observes, that the obscurity was 
greater, or at least more striking and sensible, 
than that of the night. ^ It was so dark for some 
time, that he could scarcely see his hand ; some 
x>f the largest stars made their appearance for 
about a miniute or two, and the birds were so ter- 
rified that they fell to fhe ground. These eclipses. 
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however, happen but seldom at any particular 
place ; and annular ones are much less common : 
the last remarkable one of this kind being that of 
the 1st of April, 1764, which was seen at Rennes, 
Calais, and Pello in Lapland. 

Dionysius of Halicarnassus mentions two total 
eclipses of the sun that happened, one at the birth 
of Romulus, and the other at his death ; in each 
of which the obscurity was as great as in the 
darkest night. But this account, like that of the 
prodigies which were seen at the death of Caesar, 
deserves but little credit. In ancient times, every 
great event was said to have been accompanied 
with comets or other portentous appearances ; and 
eclipses of the sun in particular were always re- 
garded as calamitous omens, presaging the death 
of kings, or some illustrious character. This 
superstition is frequently alluded to by the poets, 
and is the foundation of one of the noblest similes 
in the Paradise Lost. 

''As when the sun new risen 

Looks through the hcNizontal misty air 
Shorn of his beams, or from behiild the moon 
In dini eclipse disastrous twilight sheds 
On half the nations^ and with fear of change 
Perplexes monarchs : darkened so, yet shone 
Above them all th' Arch- Angel." 

In China, where astronomy is made subservient 
to the interest of the state, they have particular 
ceremonies appropriated to those days on which 
eclipses are to take place ; and according to the 
accounts of the missionaries, both the prince and 
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the people are scrupulously exact in the observ- 
ance of them. The chief of the Tribunal of the 
Mathematics is here a grand, but dangerous ap- 
pointment; for, under the reign of the emperor 
ChoQ-kang, the two principal astronomers, Ho 
and Hi, were condemned to death, on account of 
their omitting, through negligence and intoxica- 
tion^ to annoMnce the precise time of an eclipse of 
the sun. This eclipse, which happened 21 69 years 
before Christ, and a remarkable conjunction of 
four of the planets, which their annals affirm to 
have taken place at a still earlier period, are 
thought, by some astronomers who have examined 
the subject, to be strong proofs of the authenticity 
of the Chinese chronology. 

But to return to our subject. — Besides the dark 
shadow of the moon already mentioned, there is 
another fainter one, called the Penumbra, which 
always accompanies a solar eclipse, and takes 
place upon those parts of the earth which are 
only partially deprived of the sun's rays. For let 
s be the sun, e the earth, and tn the moon (PI. 
XX. fig. 1.). Then if two right lines be drawn from 
A and B to touch the body of the moon in r and s, 
they will form the cone r o Sy which is the figure 
of her dark shadow, as it falls upon the earth at o ; 
and two other lines, drawn through the same points 
transversely, will show the limits of the penumbra, 
or faint shadow c r s n; in every part of which 
space there is more or less light, according as it 
is farther from, or nearer to the centre o. 

And as the moon moves eastward over the sun's 
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ditfCi the dark shadow de$€rikf^ the path c t^f Md 
all the iffhabitantdi HTing within tb^t tfadt, will 
have the sun doccessfirety atid toCaMy ecllpffed; 
wMlst those who are at aome distance from it^ will 
htte a partial eclipse^ according as chej^ are l»^^ 
<yr less whhm the citcle of the penumbra c f 3P^ 
So that when the penumbra first touches ^e earthy 
the general eclipse begins^ atud wbenr it leaves the 
earth the eclipse ends ; the whole duration^ At 
^ mean rate^ being about five hours and My 
min^ttes. 

The earth's dark shadow, f c £> o, (PL xx. 
fig. 2.)» i^ ^l^o encompassed by a penumbra, i^ 
tbe dame manner as the moon's, which is faint 
towards the edges c r and 2> ^, anfd more obscure 
towards c p and i3 Cf ; and this is the reason why 
it is so dfflleult to observe eiiactly either the be- 
^nnmg or end of a Itmar ecKpse, evet^ with a good 
tekdcope; for the earth's shadow is so faint and 
JU^defined about the edges, that when the moon is 
either just touching or leaving it, the obscotation 
of her limb is scarcely sensible. But both the 
beginning and end of solar etiipses are visibte 
instantaneously ; Ibr the moment the edge of the 
moon's disc touches tbesun'^, his roundnesS'seims 
a little broken on that part ; and the moment she 
leaves it, he appears perfectly round again. 

The moon, when totally eclipsed, is seldom 
invisible, but generally appears of a dusky coioar, 
resembling tarnished copper, which some have 
thought to be owing to her own native light ; but 
the true cause of this appearanfce is the scattered 
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beams of the sun, which are so bent iatO: tb^ 
earth's shadow^ in their passage through the at- 
mosphere, as to afford us a suf&cient q^uanktity Qf 
light to render the moon visible. There bav^ 
however, been eclipses of the moon, when in tlmt 
part of her orbit nearest the earth, in which sb^ 
bas entirely disappeared ; but these instaneea 9fft 
very rare. Hevelius mentions one of this kv^ 
which happened on the 3^5thof April, l642f ^k^ 
he was not able to distinguish the place of tbf 
moon, even with a good telescope, although the 
sky was sufficiently clear for him to see st^rp of 
the fifth magnitude* 

From what has been said, it is also pJain, that 
there may be a total eclipse of the moon, although 
she be not exactly in either of the nodes at tb^ 
time the eclipse happens ; for as the diameter pf 
the earth's shadow is much greater than that of ^b? 
moon, it is plain that she may be wholly involved 
in the dark cone without passing directly through 
it» axis. The moon may likewise be at s^ch ^ 
distance from the node, that only a part of her 
body can enter the earth's shadow, and tb^q >ye 
shall have a partial eclipse of the moon, which wiU 
be greater or less according to her situation. £ut 
vfhm it happens that the full moon takes placf 
exactly in one of the nodes, then the axis of tb^ 
earth's shadow will pass through the centre of the 
Qioon^ and it will be a total and central eclipse- 

The diameters of the sun and mora are syp*- 
posed to be ^livided into twelve equal parts, 
(PI. xviii. fig. 3.) and an eclipse i^ said to be of 
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BO many digits, according to the number of those 
parts which are involved in darkness. It must 
also 'be observed, that an eclipse of the moon 
always begins on her eastern side, and goes off 
on her western ; and that an eclipse of the sun 
begins on his western si4e, ahd goes off on his 
eaistern. And all that the moon is eclipsed above 
twelve digits, shows how far the shadow of the 
earth extends over her body, on that edge to which 
she is nearest at the middle of the eclipse. 

Eclipses of the sun are more frequent that those 
of the moon,* because his ecliptic limits afe.greater; 
and yet we have more visible eclipses of the moon 
than of the sun ; which is owing to their being 
seen from all parts of the earth, where the moon 
is Ubove the horizon at the time the eclipse hap- 
pens ; whilst those of the sun can only be observed 
on' that small portion of the hemisphere on which 
the moon's shadow falls. The greatest number of 
eclipses, of both luminaries, which can happen in 
a year, is seven, and the least two; but the most 
usual number is four ; and it is very rare that there 
are more than six, one half of Which are generally 
invisible at any particular place. 

These are the principal particulars relating to 
the doctrine of eclipses, which admit of a familiar 
illustration, and if they be properly considered, it 
will not be difficult to conceive how astronomers 
are able to foretel the exact time when any phano- 
menon of this kind will happen. For as an eclipse 
cati only tfltke place at the time of a new or full 
moon, the chief requisites are to deterinine the 



LETc XXIII.] SUN AND MOON. ?89 

number of mean conjunctions and oppositions that 
will arrive in every year, and the true plapes of 
the 3un and moon in their orbits at each of those 
times. And if from this it appears, that the tn^o 
luminaries are within the proper limits of th^ node, 
there will be an eclipse, or otherwise not, agree- 
ably to what has been already observed upon this 
subject. 

But in order to facilitate these operations; we 
have astronomical tables ready computed, from the 
theory of gravitation, by which the places of the 
heavenly bodies, and every other necessary par- 
ticular, may be easily found for any given instant 
of time. Dr. Halley has also given a catalogue 
of all the eclipses that took place from the year 
1701 to 1718, which the author of "L'Art de veri- 
fier les Dates," and otherSj continued up to the 
year 1800; so that by means of the period of 
nineteen years, in which there is found to be nearly 
a regijlair return of the same eclipses, it is easy to 
institute a calculation, that will determine, to a 
great degree of precision, the times in which they 
will happen. * 

This method, however, is not strictly scientific ; 
and there are, besides, many other elements em- 
ployed in calculating the quantity and duration of 
eclipses, which, as you are unacquainted with the 
higher parts of mathematics, it is scarcely possible 
to explain in a clear and satisfactory manner. If 
what has been said should lead you to wish for a 
farther acquaintance with this doctrine, you will 
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6nd h amply treated of by Lalande, in bis Astro- 
nomyy Vtnce, and others ; but these authors can- 
not be read to any advantage, tiU you have obtain* 
ed a fireviotts knowledge ^f afiany other branches 
of scietioe. 
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It is a general and immemorial tradition, which 
is countenanced both by sacred and profane his- 
tory^ that prodigious changes and revolutions have 
taken place in our globe since its first formation : 
and the bare inspection of the earth gives great 
weight to this opinion. We can perceive, in many 
instances, that the waters of the ocean have no( 
always been confined within their present boundjs^. 
The vegetables and fishes of India, which are 
found in the petrifactions of Europe ; and the auip* 
ber of shells, and other marine productions, disco- 
vered in ranges of mountains very remote from the 
$ea, can be accounted for upon no other principle* 
This was a doctrine which was taught both by Py- 
thagoras and his followers ; and Ovid, in e^plain- 
w^ the tex^ts of that sect, speioJcs in the name of all 
the Oriental philosophers, when he says^ 

^'^ The £aee of placee, and their forms^ nisoay ^ 
Aad wbM was^soUd evrth ^oon^rts to «ed; 
jSea^ in their turn^ retreating from the shore. 
Make solid lands what ocean was before ; 
And far from strands are shells of fishes found; 
And rusty anehers fixed on mcmntain groimd : 
j^Jid what were fields before, now mark'd and worn 
Sy falling floods, from hills to valleys turn : 
And crumbling still descend to level lands ; 
And lakes, and trembling bogs, are barren sands : 
And the parch'd desert floats in streams unknown, 
Wondedqg to dzink of ifvateis pot her owp.*' 
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To these testimonies, which seem consonant both 
with history and experience, may be added another 
still more singular; which is that of the ancient 
Egyptians, who maintained that the sun/ in former 
ages, had risen in the west and set in the east. It 
was, indeed, a tradition as obscure as their hiero- 
glyphics ; and Herodotus, Plato, Diogenes Laer- 
tius, and Plutarch, who all mention this revolution, 
must be considered as authors by far too modern 
to deserve much credit with regard to such anti- 
quities. They are, however, §o many remaining 
witnesses that this opinion once prevailed; and, 
from the discoveries of the mdderns, some have 
been induced to believe, that the idea, extravagant 
as it may seem, was not altogether without foun- 
dation. 

' The best modern astronomers are now generally 
agreed, that the angle which the ecliptic makes 
with the equator is continually decreasing; at the 
rate of about one minute in a hundred years ; and 
therefore, if this diminution should proceed, the 
two circles, in about one hundred and forty thou- 
sand years, would coincide, and the sun, moving 
in or near the equator, would make equal days and 
nights all over, the globe for many ages* There is 
reason to believe, however, that this enormous pe- 
riod will never be completed ; and to seek for a so- 
lution of the Egyptian aenigma, as some writers 
have done, from these principles, is to invalidate 
the truth of revelation, Qnd the most authentic re- 
cords of sacred history. A revolution of this kind, 
sufficient to reverse the four cardinal points of the 
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compass, could not have been accomplished in less 
than two millions of years ; and this is giving a 
length of duration to the world, that but few wifl 
admit. 

We are told by Diodorus Siculus, that the phi- 
losophers of Babylon, at the time of Alexander's 
entry into that city, reckoned four hundred' and 
three thousand years from the beginning of their 
astronomical observations. . And upon a supposi- 
tion that the ecliptic was first perpendicular to the 
equator, and afterwards began to approach to* 
wards it, according to the rate above-mentioned, 
this period very nearly agrees with the diminution 
of the angle, which, in that time, had taken place, 
and reduced the obliquity to twenty-three degrees 
and a half. But from this it is not to be inferred, 
that the Chaldean astronomers had actually ob- 
served the celestial motions for so many ages. It 
is the custom of all conquered nations to boast of 
their origin, and to endeavour to recover by their 
antiquity the glory which they have loat by their 
weakness. They were, most probably, acquainted 
with the varying obliquity of the ecliptic, and hav- 
ing discovered this epoch by calculation^ pretended 
that it was derived from real observations. 

Some,..iiowever, are of a contrary opuiion ; and 
from the uncertainty of ancient observations, are 
disposed to believe, that the obliquity of the eclip- 
tic has been always the san)e. But in this they are 
certainly mistaken ; for besides the apparent de- 
creafie.of this angle, which has been observed by 
almost every astronomer ^ since the time of Hippar- 
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cfaus, the variation of latitat m ibe 6asfid 9tM$ u 
such as could arise from no other cause. Ptolcfiiy 
tells us expressly that he detenmoed the obliquity, 
for several years together, to be twenty-three .de- 
grees fifty-one minutes, and it is now known to be 
twenty-^three degrees twenty-eight minutes, wbicb 
appears to be too great a difference to be attribiited 
to any defect in bis otiservatioDS. But indepecke- 
dently of ancient testimonies, the attention which 
has been bestowed npon this subject for near » 
century past, has enabled us to decide with o^** 
tainty that the diminution is real, and that it is 
confined withing certain limits. 

Mathematicians have shown, that the Tariatioo 
of the angle liere mentioned, is produced by liie 
Kttraction of the planets} but as the principles 
which they have employed are too abstruse an4 
compliGated to be explained in a popular manner, 
I shall' not attempt to illustrate them ; but pro- 
oeed to give you some aeeount of anotiier dis^ 
oovery, no less important than the former. Hip«> 
parolMis, in comparing his observations with ihoie 
of Timocharis, wiiieh had been made at Alex* 
andria about a century before, first perceived tba^ 
the stars changed their poskions, and appeared to 
have a stow motion from west tp east, with regard 
to the equinoctial points. 

This ebange of the stars in longitude, which has 
now become sufficiently apparent, is owing to a 
small retrograde motion of the equinoctial poiats, 
of about fifty seconds in a year, wUch is oeea- 
sioned by the attraction of tbe «uii and mooti upon^ 
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ti)^ protuberant matter about the equator^ in nearly 
the same manner as the action of the sun produces 
the retrograde motion of the nodes of the moon. 
The same cause also occasions a small deviation in 
the parallelism of the earth*s axis, by which it is 
continually directed towards different points in the 
heavens, and makes a complete revolution round 
the axis of the ecliptic in about twedty-five thou<» 
sand nine hundred and twenty years. 

The former of these motions is called the pre- 
cession of the equinoxes, and tlie latter the nuta- 
tion of the earth's axis. And in consequence of 
this shifting of the equinoctial'points, an alteratioQ 
has taken place in the signs of the ecliptic ; those 
stars, which in the infancy of astronomy were in 
Aries, being now got into Taurus ; those of Tau- 
rus into Gemini, &c. So that the stars which rose 
and set at any particular season of the year, in the 
times of Hesiod, Eudoxus, Virgil, &c. will not at 
present answer to the descriptions given of them 
by those writers. 

^^ Some say the zodiac constellations 

Have long since changed their antique stations 
Above a sign, and prove -the same 
In Tavriw now, aace in the Bai9. 
Affinp the Trigone chop*d and cha^g'd 
The watr'y with the fiery rang'd : 
That in twelve hundred years and odd^ 
The sun has left his ancient road^ 
Ami. «earer to the earth is come 
'Bove Sidy tbousMUd mi^s fsom ,hainf •" 

Hu^iA«As. 

It w^s by means tjf this retrogressii^ jnoti^ of 



3S6 OF THE NEW PLANETS, [LET. XXIV. 

the equiDOctial points, that Sir Isas^c Newton was 
enabled to fix the time of one of the most remark- 
able epochs of chronological history, and to ttu'ow 
some light upon the fables of antiquity. He proves, 
from the testimonies of several ancient authors, 
that Chiron the Centaur, who was one of the Ar- 
gonauts, constructed a sphere, on which the Colure 
of the Equinoxes was made to pass by certain stars, 
and to cut the ecliptic in the middle of the signs 
Aries and Libra. And by finding what stars the 
same circle passed by in the year 1 689, when he 
first made this enquiry, and in what points it cut 
the ecliptic, the difference, allowing a change of 
one degree in about seventy-two years, gave him 
the ^ra of the Argonautic Expedition ; and thence, 
by a necessary consequence, that of the Trojan 
war: upon which two great events all the ancient 
Chronology entirely depends. 

But of all the discoveries in this science, none 
will be thought more singular than that which has 
has lately been made by Herschel, who, as he 
was pursuing a design which he had formed of ob- 
serving, with telescopes of his own construction, 
every part of the heavens, discovered in the neigh- 
bourhood of H Geminorum, a star, which, in mag- 
nitude and situioLtion, differed considerably from any 
that he had before observed, or found described b 
the catalogues. ' 

This induced him to consider it with: particular 
attention, and by continuing his observations, he 
found that it could not belong to any class of dew or 
temporary stars which had been seeii at particular 
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times by preceding astronomers : for by measur- 
ing its motion by a micrometer, he found it to move 
regularly, according to the order of the signs ; that 
its apparent diameter was on the increase, and that 
it declined but little from the ecliptic ; which cir- 
cumstances at first led him to conclude, that it 
must be some comet belonging to our system, 
whose remote situation had hitherto prevented it 
from being observed. 

As a comet, however, it seemed particularly sin- 
gular, since no tail, or any hairy or nebulous ap- 
pearance, could be perceived, by which those bo- 
dies are always distinguished from the rest of the 
system ; on the contrary, it was found'to shine with 
a fault steady light, something paler and more faint 
than Jupiter, and appeared about four seconds in 
diameter. Its differing so materially from other 
comets was ascribed to its immense distance from 
the sun, at which the heat was not sufficient to ra- 
rify the gros3 atmosphere, so as to extend it far 
enough from the body of the comet for it to be- 
come visible. 

A discovery of this nature soon engaged the at- 
tention of the most eminent astronomers of Europe, 
and many observations were accordingly made at 
different times and places. Amongst which, those 
of M. Lexell, of Petersbourg, appear to have been 
of particular service j in determining the real nature 
and class of celestial bodies to which this phasno- 
menon belongs. These observations, compared 
with thdse.of other eminent astronomers, suiiici^ 
ently prove, that this star is a primary planet, 
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bdoQgiDg to the solar system, whicb, till the 13|li 
of March 1781, when it was first seen by Her* 
schel, bad escaped the observation of every other 
astronomer, both ancient and modem. 

From a series of observatioaSi continued for 
ei^t months, during whi^h time this planet was 
both in opposition and conjunction, and bad 
moved through a part of its orbit of more than six 
degrees, Lalande calculated its course for 1782, and 
found that its distance from the sun is near oine- 
teen times greater than that of the earth ; tlmt its 
magnitude is about etgbty-nine times greater than 
than the earth's ; and that it revolves round the 
Sttn in an whit, which is nearly circular, in about 
eigbty-two years. 

The apparent diameter of this planet being but 
about four seconds^ it can seldom be seen very 
plainly by the naked eye, but may easily be disco- 
vered in a clear night, wh^ above the horizon, by 
a good telescope ; its situation, with respect to the 
fixed stars, being previously known. Whether it 
was attended by any satellites was, at first, only 
a matter of coiigecture; but Herschel has since 
discovered six ; and, from the remote situation of 
the planet, there is reason to believe that there 
may be others, which have not yet been observed. 
He has also ascertained their periodical times with 
great accuracy ; the particulars of which have been 
before given. 

As a mark of respect to bis present Majesty, 
and to convey ao idea to posterity of the tkie 
and place of the discov^, Herschel has distin^ 
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guisbed Ibis planet by the name of the Geoi^iini 
Sidtrsy following the example of Galileo, wbo^ in 
tiOQoar of bis patrons, the illustrious House of 
Medici, called the Satellites of Jupiter^ wbicb be 
first discovered, tbe Mcdiceadi Stars. B«vt foreign 
astronomers, preferring a simitar denomination for 
alt the planets, have given it the name of Umnus, 
by which this plapet i& now geo^ratly distinguished* 

This discovery, whdch at first appears more eu«- 
rioos than useful, may yet be of great service to 
astronomy ; the circumstance of a primary planet 
having been unobserved for so many agesy natu- 
rally led astronomers to examine, with greater ac- 
caracy, those small stars which had hitherto been 
genially neglected, or only considered as of use 
in determining the position of the planets. And 
these obervations helve produced many other new 
diseoveriea in the celestial regions^ by which our 
knowledge of the heavenly bodies, and of the im- 
mutabte laws that govern the nniverse, are become 
much more extended ; which is the great object of 
the science, and the source from which we may 
ex^pect to derive such consequences as are of prae- 
tical application, and the most useful to mankind. 

Encouraged by his recent discoveries, Her- 
scbrt continued his labours, both in the improve- 
. ments ai his telescopes, and his observations upon 
the heavenly bodies : the result of which has been 
the discovery of two other satellites, in addition to . 
the five before known to belong to Saturn. The 
ring also of this planet ha^ been more accurately 
observed; and the time of its revolution has been 
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precisely ascertained, as well as that of the planet 
itself; which are found to be performed in nearly 
the same time. Such have been the discoveries u^f 
tbb indefatigable observer, beside various others 
equally important ; but which your present stock 
of mathematical knowledge will not enable you so 
well to comprehend ; which therefore I shall pass 
over for the present, and proceed to enumerate 
the discoveries of other astronomers. 

I have before observed that the knowledge, of 
another, and. very remote planet, belonging to our 
system would naturally lead astronomers to exa- 
mine with greater accuracy tho^e small stars 
which had before been generally neglected ; and 
the. first important result deduced from such ob- 
servations, was the discovery of a small planet in 
the. space between Mars and Jupiter. This was 
first observed by Mr. Piazzi, of Palermo, on Jan; 
Isty 1801, to which he has given the name .of 
Ceres ; the elements' of which have been already 
described. 

The next new planet was discovered by Dr. 
Olbers, of Bremen, March 28th, 1802, to which 
is given the name of Pallas; and another, by the 
same astronomer, was first observed March 29th, 
1807. This latter is known under the nao^e of 
Vesta, and is the next in order above Mars ; but 
between the intervals of these two discoveries, 
another new planet was observed by Mr. Harding 
at the observatory at Leliehthal, near Bremen ; 
who being engaged in the publication of some 
celestial charts, which shoujid contain all the snaall 
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* ajtars, foetid by xromp^riog prie pf theni :ivith the 
hg$kvea9 jat the date ahav^ nientioned, that he had 
MAitted ^ amitll star, aad^hich hje therefore vixr 
s^ted ia his map; b^t uppo agaip comparing jij: 
with his chart four days afterwards, he perceived 
l^ij; it ^a4 iQbai)g^ its pl^oe ; and, from further 
9!|)(9Pnirations9 ^^oert^iped it to be a planet simUat 
t0 itbpse ob^r ved by Olbiers and Piaszi ; and to 
yr^ch h»s hiem give^a ithe pa^ie of Juno. 

All t^^AB planets revolve .^n the spfK^ betweea 
M^iTS a^nd .J.upiter; and yyhaX is very remarkable, 
tiiB orbits pf Ceres and Pailiis intersect eacb 
other; w4 itheir mefin di&taqces are so neiurly 
^ual^ that it is yet scarcely known which of the 
t]ii^.o js the bigbeat in ithe system; though the latest 
Qi^ulaAions are in favour of Ceres. Tbe inclina- 
tipn of the orbits of these four planets is much 
greater than that of any of the others, and their 
9^gnituidcs extremely sixialler ; none of their dia* 
i09ters ,bQihg supposed tp exceed four hundred 
ipjiles. These circumstances have induced Her- 
schel to give them a different denomination, calling 
jbham asteroids ; for which, however, he has been 
censured by other astronomers, on account of in* 
troducing a new term into this sciencfe, which ap- 
pears to be both unnecessary and improper. 

Having thus endeavoured to give you, in as fa* 
jeiliar a manner as possible, a general idea of the 
jllpst interesting parts pf astronomy, I sliall c(hi* 
elude the subject with Sir Isaac Newton 'sarccount 
^f the Deity, given at the latter end of his Princi- 
pia ; which he considered aa the most proper con* 

2d 
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elusion for a work that consists chiefly in an at- 
tempt to investigate the laws by which this great 
Being conducts bis operations, and regulates 
the machine of the universe over which he pre* 
sides* 

''Seven primary planets revolve about the sun, 
in circles concentric with hikn, and with motions 
directed towards the same parts, and almost in the 
same plane. Ten moons revolve about the Earth, 
Jupiter, and Saturn, in circles concentric with 
them, with the same direction of motion, and 
nearly in the planes of the orbits of those planets. 
But it is not to be conceived, that mere mechani** 
cal causes could give birth to so many regular 
motions, since the comets range freely over all 
parts of the heavens in very eccentric orbits, and 
by this kind of motion pass with ease and rapidity 
through the orbs of the planets ; and in their aphe- 
lions, where they move the slowest, and continue 
the longest, they recede to the greatest distances 
from each other, and thence suffer the least dis- 
turbance from their mutual attractions. 

'' This most beautiful system of the sun, planets, 
and comets, could only proceed" from the counsel 
and dominion of an intelligent and powerful Being. 
And if the fixed stars are the centres of similar 
systems, these, being formed by the like wise 
counsels, must be all subject to the dominion of 
One; especially,. since the light of the fi^ed stars 
is of the same nature with the light of the sun ; 
and from every system light passes into all the 
other systems. And lest the systems of the fixed 
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stars should, by their gravity, foil on each other 
mutually, he has placed them at immense dis^ 
tances from each other. 

'^ This Being governs all things, not as the Soul 
of the World, but as Lord over all; and, on 
account of his dominion, he is wont to be called 
Lord God, or Universal Ruler. For God is a 
relative word, and has respect to servants ; and 
Peity is the dominion of God, not over his own 
body, as those imagine who fancy him to be the 
Soul of the World, but over servants. The 
Supreme God is a Being eternal, infinite, and 
absolutely perfect ; but a Being, however perfect, 
without dominion, cannot be said to be Lord 
God : for we say, my God, your God, the God 
of Israel, the God of Gods ; my Eternal, your 
Eternal, the Eternal of Israel, the Eternal of Gods : 
but we do not say, my Infinite, or my Perfect ; 
these are titles which have no respect to servants* 
The word God usually signifies Lord ; but every 
Lord is not a God. It is the dominion of a 
spiritual Being which constitutes a God ; a true, 
supreme or imaginary dominion, makes a true, 
supreme or imaginary God. And from his true 
dominion it follows, that the true God is a living, 
intelligent and powerful Being; and from bis 
other perfections, that be is supreme or most 
perfect. He is eternal and infinite, omnipotent 
and omniscient ; that is, his duration reaches from 
eternity to eternity, his presence from infinity to 
infinity; he governs all things, and knows all 
things that are or can be done. He is not eternity 

Sd 2 
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or infinity^ but internal aod infinite ; fafe is bpt i&« 
ntton or epoce^ but lie endures Obd is preseotw^ 
He endures for ever, and is «very where (Nresenl; 
and by existlmg aiway^ and ewry wfaene, leonsti- 
totes duration and space. Since lev^y partid^ of 
spaoe b always, «id ^very tmdiv&sible moiiient'Of 
duration is levery wbere, certainly tbe Maker aod 
Lord of «di tbdngs cimiiot be never and no wbeve. 
£Tery soul tbat has pereeption is, though ia dif* 
fereift times, and m different organs of -sense tfod 
motion, still the sanae indivisible person. There 
4re given sacoessive parts in daration, aisd co- 
ektstent parts in space, but neither *tfae one nor the 
other in the person 'of a man, or <bis thinking prin- 
dp)e; and much less ean they be found in Ohe 
tliinkiog substarice of <3od. Everyman, so'£air as 
be is a thing that has percefition, is otie and tbe 
same man during his whole ^Hfe, in all <afid each of 
bis organs of sense* Ood is one and the «a«ie 
God, always and every where. He fe otanipresent, 
not virtually only, but also sabstantially ; for 
tdrtue cannot subsist without substance. In him 
are all things contained and moved ; yet neitfaef 
afiects the other : God suffers nothing from the 
motion of bodies ; ^bodies im^ no resistance from 
the omnipresence of God. It is allowed byall^ 
tltiiLt the Supreme God exists necessarily, and by 
the same necessity be exists always and every 
where. Hence also he is all similar, all eye, att 
ear, all brain, all arm, all power to perceive, to 
understand, and to act ; but in a manner not at all 
liumati, in a manner not at all corpori^al, in a 
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mcmner utterly upknown to us. A3 a blind mm 
has no idea of colours^ so have we no idea of tb§ 
manner by which the al^wise God perceives and 
uaderstands all things. He is utterly void of all 
body and bodily figure, and can therefore neither 
be seen, nor heard, nor touched ; nor ought he to 
be worshipped under the representation of any 
corporeal thing. We have ideas of his attributes, 
but what the real substance of any thing is, we 
know not. In bodies we see only their figures 
and colours, we hear only the sounds, we touch 
only their outward surfaces, we smell only the 
odours, and taste the savours, but their inward 
substances are not to be known, either by our 
senses, or by any reflex act of our minds ; much 
less, then, have we any idea of the substance of 
God, We know him only by his properties and 
attributes, by his most wise and excellent con- 
trivances of things, and by final causes; we 
admire him for his perfections, but we reverence 
and adore him on account of his dominion. For 
we adore him as his servants ; and a God without 
dominion, providence, and final causes, is nothing 
else but Fate and Nature. Blind metaphysical 
necessity, which is certainly the same always and 
every where, could produce no variety or change. 
All that diversity of natural things which we find, 
suited to different times and places, could arise 
from nothing but the ideas and will of a Being 
necessarily existing. But, by way of allegory, 
God is said to see, to love, to i^joice, to fight, &c. 



406 OF THE NEir PLANETS, fcc4 [x.£T. XXIV, 

for all our notions of God are taken from the ways 
of mankind) by a certain similitude^ which, though 
not perfect, has some likeness however. 

''And thus much concerning God ; to discourse 
of whom, from the appearances of things, certainly 
belongs to Natural Philosophy." 




AN EXPLANATION 



OF THE 



PRINCIPAL TERMS MADE USB OF IN ASTROMOMY. 
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A. 

• 

Jlbbbbation^ an apparent change of place in the fixed stars, 
which arises from the motion of the earth combined with 
the motion of light. 
AcHBBNAR> a fixed star of the first magnitude in the constella- 
tion Eridanus. 
AcHBONicAL rising or setting of a planet or star^ is when it 
rises at sun-set, or sets at sun-rise. 
^As, certain periods of time, from which Chronologers and 
Astronomers begin their computations* 
LLDBBARAN, a fixcd Star of the first magnitude, situated in 
the head of the constellation Taurus, and thence by some 
^called the BulFs Eye. 

^OBNBBt a fixed star of the second magnitude in the right 
ide of Perseus. 
»L, or Medusa's Head, a fixed star of the third magnitude 
the constellation Perseus. 
*H, the name of a fixed star in the tail of the great 



lCantbbs, certain imaginary circles, which, in every 
ntion of the globe, are supposed to be drawn parallel to 
the horizon. 

Alphbta^ or Lndda Corona, the name of a fixed star of the 
second magnitude^ in the constellation caUed the Northern 
Crown. 
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Altab, or Ara> a aouthom constellation oonsbting of nine 

stars. 
Altitude, the height of the sun, moon» or stars, above the 

horizon, reckoned upon a tertkal eirete> in degrees, mi- 
nutes, &c« 
Amphiscii, a name given to the inhabitants of the Torrid 

Zone, on account of theil* shadows felling at one time of 

the year towards the north, and at another time towards 

the south. 
Afi[i>LiTui>£, an arc of the horizdn contained b^twcS^fr th^ 

east or west point of the heavens, and the centre of the sua 

or a star, at the time of its rbing or setting. 
Andromeda, a northern constellation consisting of sixty*six 

•tars. 
Angle, the inclination or opening of two lines meeting in a 

point. 
Anomaly (True), the dffitance of a pfaUiet in sigiis> df^gifees, 

&c. from that point of its orbit which H iM fart hes t frtim 

the sup. 
Anomaly (Mean), is that which would take plaee if the ]riaaet 

moved uniformly in the circumfi^rence of a circle. 
Ansbe, the Goose, a northern constellation consistk^ of ten 

stars. 
Anser Ameaicanus, or Toucan, the American Goosey a 

southern constellation cotfsisting of ninfe stdrs. 

■ 

Antaees» a fixed star of th^ first nia^tude in th^ eodstella- 

tion Scorpio. 
AUrjEcif a uaihe given to those inhabitants of the ear^, whd 

live under the same meridian, and at equal cfetimtes from 

the equator, but on oppo^te sides of It. 
Anteceoentia, a motion of any of the beatettly bodies Winch 

is contrary tb the order of the sigils .| as £rom Aries toward! 

Pisces, &c. 
Antinous« a northern constrilattoncanslBtiiig of tiurty«'fou^ 

ekBia.. 
Antipodes, those inhabitants of the earth who live diiimeXTi- 

.<Mj cqpfpdBite to eadi ot^er# or wa& feet to Ibetw . 
Afis, tlfe Be^ i.southehi coiiBteDation cotngposed of four 

stars. 



Apunhtoix, that pdnt in the othit of a pltmet hi tfhfel^ it i» 
at its greatest distance from the sun. 

Jl^OGBON, that point in the orbit of a planet in which it is at 
its greatest distance fnmi the earth. 

Al^siDES, two points in the orbit of a planet in which it 19 at 
its greatest and least distance from the stin : The liiie join-< 
iHg those points is called the line of the Apsides. 

AauABius, a zodiacal constellation, which contains ninety- 
three stars. 

AauiLA> or Yttltur Volans> a constellation in the northern 
hemisphere, consisting of twelve stars. 

Arcturus, a fixed star of the first magnitude, situated in the 
skirts of the consteUation Bootes. 

Ar^o, the Ship, a southern constellation consisting of fbrty- 
eight stars. 

Armillary St»HBRE, an instrument composed of the princi- 
pal circles which are usually drawn upon an artificial 
globe. 

Aries, the Ram, a zodiacal constellation consisting of fbrty- 
iAt stari^, into which the sun enters about the 20th of 
March, or the beginning of the spring quarter. 

Ascii, the inhabitants of the torrid zone; so called, because 
the sun being twice a year in their zenith, their bodies at 
those times ctot no shadow. 

Ascensional Difference, an arc of the equinoctial con- 
tained between that point of it which rises with the sun, 
. moon, or star, and that which comes to the meridian with 
th&m ; or it id the time the sun riset ol^ seti befbro or after 
six o'clock. 

AtMospiIIere, that collection of tapours, or body of air, which 
surroulaids ot* entoinpasste th^ eiarth* 

Attraction, a property of matter, by which bddieft are fnade 
to apprdach towards each oth«r> wfthoilt air^ sensible agent' 
dther diawing or impifellittg them. 

Aufc6RA, the morning twilight, which begins, to a^frpear when 
thie stin is "about eigtit^n degf ees below thd herizfln. 

Auriga, a northern constellation containing forty-six slars. 

A%n 6#tlie e^tth, o)^ of ^ pht^, iiis iflHagifiafy lifie passing 
trough the centre from one pdte it the oth^r j or tha^ 
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roimd Which tbey are Buppofied to perfiirm tbdr dk^^ 
tations. 
Azimuths, great dicles which pass through the zenith and 
nadir^ and are perpendicular to the horizon. — ^The Azi- 
muth of any celestial object is an arc of the horizon, con- 
tained between the east or west point of the heavens, and 
a vertical circle passing through the centre of that object. 

Basiucus, or Cor Leonis, a fixed star of the first magnitude 

in the constellation Leo. 
Bears, two constellations in the northern hemisphere, called 

Ursa Major and Ursa Minor; the first consisting of one 

hundred and five star», and the second of twelve i The north 

pole star is in the tail of the little Bear. 
Berenices Hair, a northern constellation consisting of 

twenty-four stars. 
Betelouesb, a star of the second magnitude in the east 

shoulder of Orion. 
Bissextile, or Leap-Year ; so called by the Bomans« on ac- 
count of their reckoning the 6th day of the . calends of 

March twice over. 
Bootes, a northern oonstellatioa consisting of fifty-three 

stars; one of wfaiph, Arcturus, in the skirta of his eoat, is of 

the first xnagnitude. 

C. 

Camelopardalos, a northern constellation composed of 

twenty-three stars. 
Cancer, the 0:ab, one of the signs of the ecliptic^ consisting 

of seventy*five stars i into which the sun enters about the 

91st of June, or upon our longest day. 
Canis Major, and Canis Minor, the 'Great and Little Dog; 

two constellations in the southern hemisphere, the fint 

consisting of twenty-nine stars, and the second of fourteen* 
Canopus, a star of the first magnitude in the cohstellation 

Argo. 
CAPELLA,a fixed star of the first magnitude^ in the left shoulder 

pf the constellation Auriga* « 
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Capricornus, the Goat, one of the signs of the eeliptic, con- 
ftistinj of fifty-eight stars ; into which the sun enters about 
the 21st of December, or Ujpon our shortest day. 

Cardinal Poihts, the feast, west, north, an4 south points of 
the compass. 

Cardinal Points of the ecliptic, the first points of the signs 
Aries, Cancer, Libra, and Capricorn. 

Cassiopeia, a constellation in the northern hemisphere con- 
sisting of fifty-two stars. 

Cauda Lugida, the Lion's Tail, a fixed star of the secood 
magnitude in the constellation* Virgo. 

Centaur, a southern constellation consisting of thirtyniix 

stars. 

CsNTRiFUGAL FoRCE, that forcc by which any revolving body 
endeavours to fly off from the centre of motion^ in a tan- 
gent to the circle which it describes. 

CENTfci PETAL Force, that force by which any revolving body 
is made to tend towanis the centre of its orbit. 

Cepheus, a constellation in the northern hemisphere consist- 
ing of forty stars. 

Cerberus, a northern constellation composed of ninestan. 

Ceres, one of the last new planets, theBcventh in order inm 

the sun. 
Cetus, the Whale, a southern constellation which contains 

eighty stars* 

Charles's Oak^ a southern constellation composed of thirteen 
stars. 

Charles's Wain, seven remarkable stars in Ursa Major^ or 
the threat Bear. 

Chamelion, a southern constellation composed of ten stars. 

Chrystalline Heavens, in the Ptolemaic system, two solid 
orbs, by means of which the ancients attempted to account 

. fiDr the apparent motion of the fixed stars. . 

Comets, certain erratic bodies belonging to our system, which 
move round the sun in very eccentric orbits, and are prin- 
cipally distinguished fix)m the planets by their tails, or some 
hairy or nebulous appearance. 

Cor CarolIj Charles's Heart, an extra-constellated star in 
the northern hemisphere, sittiated between Cotna Berenices 
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aad Uisa Mbgdlr^ so caUed in honoar of King Charks th» 

Efarst ; B&mt make it a oonfitellation consisting of three 

Stan. 
CoaoiiA Boa£Ati8» the Northern Crown> a oonstellation it 

the northed hemisphere consisting of eleven stars* 
CoaoNA Mbxidionalis, the Southern Crown^ aiSOuthemcoQ^ 

stellatibn composed of twelve stars. 
CoLuaB8> two great oireles, or meridians, one of which passes 

through the.solstitial points Cancer and Ca|^com, mni the 

other through the equinoctial points Aries and libra* 
Conjunction, is whea two stars, seen from the sun or the 

earth, appear in the same point of the heavens^ or answer 

to the same degree of the ecliptic. 
CovSTBtLATioN, a iiumber of stars lying in the neighhour* 

hood of each other, which Astronomers, ibr the sake of re- 
membering with more ease, sun[>ose to be circumscribed by 

the outlines of some animal, or other figure, 
CosMicAL rising or setting of a planet or star« is when it 

rises with the sun iu the morning, or sets with him in the 

eveiung. 
Cpif ssauENTiA, a motion of the planets according to the order 

of the signs ; as from Aries towards Taurus, &c. 
CoRvus, the Crow, a southern Constellation consisting of ^ht 

stars. 
Crater, the Cup, a southern constellation composed of ^ven 

stars. 
Crosiers, four stars in the form of a cross, which ar^ ^ use 

to sailors in finding the south poile* 
Culminating, a term applied to the sun or ^ st^ wbf^ it 

eomes to the meridian of any place. 
Cyclb of the moon, a revolution of luneteeo years, in wl^ck 

time the conjunctions and lunar aspects are nearly jth^mNBe 

as they were nineteen years before* 
CyOwus, the Swan, a constellation in the north^n hwii" 

i^^e, consistiji^g of seventy-three stairs. 

Bay (Natmral) , t^t portion-of Um^ ifx which ttieAiaMJh oem* 
fletes an eotire revolution upon ks .9xis* 
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Day ( Artifiekd), the time between the sua'fl rieiQg jumI setU 
ing ; to which is opposed night, or the time hetwe^ his 
setting and rising. 
' Day (Astronomical), the time between two successive t^ans- . 
its of the sun's centre over the same meridian ; which al- 
ways begins and ends at noon. 

Declination of the sun, moonj or«tara, is their diatance 
north or south from the equator, reckoned in deg9een» 
minutes, &c. upon a circle which is peqiendicular to iU 

Dichotomised, a term afpfklied'to the mocm «whciE itheis J0her 
quadratures, and appears onty half ilhiininatwd. 

Dbobee, the three hundred and sixtieth part of aicunele> or 
the thirtieth part of a sign* 

D£LPHi.NU8, the Dolphin, a constellation in the northern he- 
misphere consisting of eighteen stars. 

Direct, a planet is said to be direct, when it mave^ accosd- 
ing to the order of the signs ; as :tom Aries towards Tau- 
rus, &c. 

Disc of the sun, or moon, is its round face, which« on account 
of the great distance of the object, appears flat« or like a 
plane surface. 

DioiT, in Astronomy, the twelfth part of the aun's dia- 
meter, which is often used in the calculation of {eelipseg* 

Diurnal, of or belonging to the day ; thus, thedtUrnal mo- 
tions of the planets, are the spaces they moi:e through in a 
day. 

Distance, in Astronomy, is s6metimes denoted by a stnught 
line, and sometimes by an arc of a circle; the latter Qf 
which is the case when we ^peak of the di^oee of (two 
stars from each other. 

Dominical Letter, one of the first seven lettecs of the ^- 
phabet ; which is usually marked in red, and employed i^ 
the Almanaek for distinguishing the Sundays throughout 
the year. 

Draco, or the Dragon, a northern constellation /eonsisting of 
forty-nine stars. j 

Dragon*s Head, or the Ascending Node, is the northern in* 
tersection of the moon's orbit with the ediptic; which is , 

marked thus Si. i 
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DaAGOir'ft Tail^ or the Descending Ndde, is tlie southern in* 
tersection of the OMion's orint with the ecliptic; which is 
mscrked thus 8* 

£. 

Eakth, the globe which we inhabit; one of the seven planeU^ 
and the third in oitler from the sun. 

EccBifTBiciTY^ the distance between the centre of an ellipsis 
and either of its fixi* 

EcLiFSB of the sun^ an obstruction of his lights occasioned by 
the interposition of the dark body of the naoon between 
him and our sight. 

EcLiPSB of the moon^ a deprimtion of her light, occasioned 
by the interposition of the earth between the sun and 
moon* 

Ecliptic, a great circle of the sphere, in which the sun al- 
ways appears to move $ so called, because eclipses generally 
happen when the moon is in or near this circle. The obli« 
quity of the ecliptic is the angle it makes with the equator, 
which is now about twenty-^three degrees twenty-eight 
minutes. 

Elevatiok of the Pole, is an arc of the meridian contained 
between the pole and the horizon ; which is always equal to 
the hititttde of the place, or the distance of the zenith from 
the equator. 

Elongation, the angular distance of a planet from thesun> as 
it appears io a spectator upon the earth. 

Elements, in Astronomy^ the requisites necessary to deter* 

• mine the theory of a planet, in order to calculate its posi- 
tion, motion, &c. 

Ellipsis, a figure formed by cutting a cone obliquely to its 
axis : it b in a curve of this kind that the planets move 
Tound the sun, and the satellites round their primaries. 

Emersion, the time when any planet which is eclipsed begins 
to recover its light again. 

Epact, the moon's age at the end of the year, or the difference 
between the solar year and the lunar one. 

Epoch, the same as ^ra, a period from whenee Chnmolo- 
gers and Astronomers b^in their computations. 
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Eai/ATioNSy oertflun quiu&tities by which we estimate the in- 
equalities in the motion of a planet : The moon, being sub- 
ject to many irregularities, has a great number of equa- 
tions. 

EauATioK of time, the di£Perence between equal time and ap- 
parent, or that shown by a perfectly true clock and a sun- 
dial. 

Equator, a great circle which separates the northern from 
the southern hemisphere^ and being referred to the hearens 
s called the EauiNocTiAL. 

Equinoxes^ the two points where the ecliptic cuts the equa- 
tor ; so called, because, when the sun is in either of these 
situations^ the days and nights are equal to each other. 

Equulus, or Equus Minor, the Colt, a constellation in the 
northern hemisphere consisting of twelve stars. 

Eridanus, the river, a southern constellation containing 
seventy-two stars. 

EvECTtON, an inequality in the motion of the moon, by which, 
at her quarters, her mean place differs from her true one 
by about two degrees and a half more than at her conjunc- 
tion and opposition. 

Ether, a fine subtile fluid, which is supposed to fill the 
whole celestial space between the heavenly bodies and our 
atmosphere. 

F. 

Foci of an ellipsis, two points in tJie longest or transverse 
axis, on each side of the centre ; from each of which if any 
two right lines be drawn to meet each other in the peri- 
phery, their sum will be always equal to the transverse axis. 

G. 

Galaxy, or the Milky-way^ a large irregular zone or band of 

light which encompasses the heavens. 
GsBi^iNi, the Twins, a zodiacal constellation consisting of 

ninety-four stars. 
Geocentric place of a planet, is that position which it has 

when seen from the earth. 
Georgium Sidus^ a new planet lately discovered by Dr. Her- 
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MdkAf bdogthe eteveoth in order bom th^ sup« m4 tte 

nost distant of any in the system* 
Gibbous, a tenn used in referenoe to the enlightened p^rts of 

the moon^ whilst she is moving from the first, quarter to 

the fuUj and finHn the full to the last quarter^ on account of 

the daric parts appearing Adopted, .or hiMrntd, and the li^ht 

ones convex. 
GoiDBN Numbers, a series of nuB^rs pretoeeding firoip oi^e 

to nineteen, which are used in the akaoanack fiw detier- 

^ning the times of new and fioU moons. 
Grbgoaian Year» so called from Pope Gregory ^u^ who r&- 

liormed the catendar in the year 1582 -, which reibniiatioa 

was not Qsed in England till 1769* 
GftEYHouHns, a northem oonstellation consisting of twf»ty- 

four stars- 
Grvsj the Crane^ a. southern constellation f^wfoaed of ifour- 

teen stars. 

H. 
JIai>iACAL risinig of a star, ifi whem it emtt^es irovi the 5un's 

rays, and appears above the horizon beJoDeliim in the mom* 

ing. 
HfiUACAi. setting of a star, is wh^n it is so hid in the sign's 

beams, as not to be seen above the horizon after him^ the 

evening. 
Heliocentric place of a planet, is that in which it would ap- 
pear to a spectator placed in thesan. 
JiEMispHEBE, the half of a globe or sphere when it is cut 

throiigh its centre in the plane of one of its great circlefli. 
Hercules, a northern con^ellation composed of ninety-two 

stars. 
Hesperus, a name given to the planet Venus, when she appears 

in the evening. 
Heteroscii, a name given to the inhabitants of the temp^sate 

aones, because their shadows at noon always fall one may. 
Hirundo, the Swallow, a southern constellation composed of 

eleven stars* 
Horizon (Sensible), a drcle which separates the visible 
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hemisphere from the invisible one, or that which is the 
boundsuy of our sight. 

HonizoM (Bational), a great circle parallel to the toraibTg 
which passes through the centre of the earth, and whose 
two poles are the zenith and nadir. 

Horizontal, something relating to the Horizon^ or that 
which is taken in, of on a level with the Horizon. 

Hour Circles, the same With the meridians j or great circles 
which pass through the pojes of the worlds and are perpen- 
dicular to the equator. 

Hour, the twenty-fourth part of a natural day, which Astro- 
nomers always b^^ to reckon firom noon. 

Hydra, a southern constellation, compo^ of fifty-three stars. 

HvpoTHBSf 8, a supposition, a system formed upon some prin- 
ciple which has not been proved. 

L 

Immersion, the moment when an eclipse begins, or when a 

planet enters into the dark shadow. 
Inclination, the angle which the (xrbit of one planet makeiS 

with that of another. 
Indefinite, or Indeterminate, that to which the human mind 

cannot fix any certain bounds or limits. 
Indus, a southern constellation composed of twelve stars. 
Inferior Planets, are those that move at a less distance from 

the sun than the earth 5 which are Mercury and Venus. 
Ingress, is the sijud's entrance into any sign or other pcurt of 

the ecliptic 
Intercalary Day, the odd day, which is made up of the six 

hours that take place every fourth or leap-year. 
JaLiAN Year, the account of time instituted by Julius Cssar, 

which is now called the old style. 
Juno, one of the last newly discovered planets, and the sixth 

in order from the sun. 
Jupiter, the largest planet in our system, and the fifth in or- 

der from the sun. 

L. 

Latitude of a place, b its distance from the equator^ reckoned 

2 E 
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in degt^m, iwniite8» &a iqpon tha are of a gjn^t ^kde 

which 18 perpeadicalarto it. 
Latituhb of ft star or planet, is its distance from the ed^tiCf 

reckoned in degrees, minateiy &c« upon the arc of a gnat 

circle which is perpendicular to it. 
LBApYcAa, the same with Bissextile > so ealkd from theie 

being a day more in that year than in a eommonone. 
Lao, the Lion, a zodiacal constellation consisting of ninety-* 

one stars. 
Lbo MiMoa, the little Ldon, a northern constellation coor 

sisting of twenty stars. 
Lbssbr Circles of the sphere^ are thdse whose planes do not 
^ pass through its centre. 
Lbpus, the HarC) a southern constellation composed of twenty* 

five stars. 
Libra, the Balance, one of the twelve si^ of the zodiac, 

into which the sun enters about the SOth of Septmbery w 

the fasginning of autumn. 
Libration, an apparent irregularity of the moon's motion, 

which makes her aj^iear to librate about her axis in socha 

manner that the parts of her eastern and western limbs be- 
come visible and invisible alternately. 
Lizard, a northern constellation^ consisting of twelve stars. 
LoNGiTCDB of a place, is its distance east or west from the 

first meridian, reckoned in dq;;rees, minutep, &c. upon the 

equator. 
Longitude of « star or planet, is its ctistance firom the first 

point of Arie^i reckoned in degrees, minutes, &c. uppn the 

ecliptic. 
LuctDA Lyra, a fixed star of the first magnitude in the con- 
stellation Lyra. 
LvciFEE, the morning star, Venus, so called when she is in 

the east, and.rises before the sun* 
Luminaries, the sun and moon, so called by way of eminence^ 

on account of their extraordinary lustre, and the great light 

they afibrd us. 
Lunar Aspects, are those which the moon makes with any of 
the other planets 5 as when she comes in opposition, trine, 
quartile,&c. 
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LtniATiONy a lunar synodical month, or the space of time be* 
tween one new moon and another, which is generally about 
twentf«nine dajs, twelre hoofs^ forty-four minutes and 
three seocMods; being greater than the periodical month by 
two days and five hours* 

LvNi-SoLAR Ybar, a period made by multiplying the cycle of 
the moon 19 by that of the sun S8. 

hvrvs, the Wolf, a southern constellation consisting of thirty- 
six stars. 

Lymx^ a northern constellation consisting of fifty-five stars. 

Ltrah a constdlation of the northern hemisphere^ consisting 
of twenty-four stars. 

M. 

Macoub, dark spots, appearing on the foce of tlie sun, moon, 

and some of the planets, being contra-distingmshed from 

Facula, which are bright or shining spots, that, by means 

of the Telescope, are sometimes to be seen on the face qf 

the sun, &c. 
Maobiitudes 'y the stars are divided into six sizes, or classes ; 

of which the brightest are called stars of the first magni« 

tude ; the next in brightness to these, stars of the second 

magnitude; andsooa* 
Mars, a primary planet belonging to the solar system^ which 
. is the fourth in order fix>m the sun, and whose mpgnitude 

is about four times less than that of the earth. 
Mean motion of a planet, is that which would take plaee if it 

moved in a perfecit circle, and equally every day. 
Medium Coeli, the mid-heaven, that degree of the ecliptic 

which is upon the meridian at any time of the day or night. 
Merourt, a primary planet, the first in order £rom the sun, 

and whose magnitude is about fifteen times less than that 

of the earth. 
Meri2»ian, a great circle of the sphere, which passes through 

the zenith and poles, and is perpendicular to the horizon ; 

it is so called, because when the sun is upon this circle it is 

always mid-day or nooa. 
Mbtonic Year, the same with the cycle of the moon 5 a period 

invented by Meton, a Greek philosopher, who lived in the 

2 £ 2 



/ % 



4tO EXPLANATION OF THE PRINCIPAL TBRM9 

eighty*sixth olyminad, or about four hundred and Uurty 

years before Christ. 
IficROBiETSft^ an instrument by which the apjparent magni- 
tudes of objects^ viewed thnNigh tekscopes or microsoopesy 

are measured with great eattctness. ^. r 

Micaosco^E> au opti:cai instrument, by means of whidi very 

minute objects are represented much huger, and viewed 

distinctly at small distances. 
Minute, the 60th part of an hour in time, or of a degree in 

motion. 
MoNoenios, a southern constellation, consisting of thirty-two 

stars. 
MoNs Mjenalus, a northern constellation, consisting of eleven 

stars. 
Month, (lunar or periodical,) a period of about twenty-seycD 

dap, seven hours and forty-three minutes \ which is the 

time the moon is in passing from one point of her orbit to 

the'sanke point again-. 
Month, (synodical,) a period of about twenty-nine days and 

a half; which is the time between one conjunction of the 

sun and moon and another. 
Month, (solar, or calendar,) the time the sun takes to move 

through one of the signs of the sKodiac ; which, at a mean/ is 

about thirty days and a half. 
Moon, a secondary planet, or satellite, attending.the earth, 

which she r^ards as the <»atre of her motion. 
MuscA, the Fly, a northern constellation, consisting of six 

stars. 

N. 

« 

Nabib^ that point in the heavens which is directly opposite tp 

the zenith, or immediately under our feet. 
Nebula, clusters of small stars which have been discovered, by 

the telescope, in difTereat parts of the heavens 5 and are so. 

called from their cloudy appearance* . 
Noah's Dove, a southern constellation, composed often stars. 
Nocturnal Arc, is that space of the heavens which the sun 

apparently describes frcnn the time of his setting to the 

time of his rising. 
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.>foDEs^ the two points where the orbit of a plaiiet intenTects 

the plane of the ecliptic. 
NoNAGEsiMAL Dbgrbb/ the ninetieth degree^ or highest point 

of the ecliptic^ at any given time of the day or night 
NoR'THERN Signs of the ecliptic^ are those six which lie to the 

north of the equinoctial -, as Aries^ Taurus, Gemini^ Cancer> 

Leo, and Virgo. 
Nucleus^ a term used by some Astronomers for the head of 

a comet, and by others for the central parts of the planets. 
Nutation of the earth's axis, a libratoiy motion occasioned 

by the attraction of the sun and moon upon the protu- 
berant matter of the equator. 

O. 

O^LiauE Ascension, is an arc of the equinoctial contained 

betw^n the first degree of Aries, and that point of it which 
' rises with the centre of the sun or a star. 
OfiLiauE Sphere, is that position of the globe, in which dither 

of the poles are elevated above th^ horizon any number of 

.degrees less than ninety. 
Occult ATioN, is when a star or planet is hid fh>m our sight by 

the interposition of the moon, or some other planet. 
Octant, an aspect of the. planets when they are forty-five de^ 

grees distant from each other. 
Ophiuchus, or Serpentarius, a northern constellation, con« 

sisting of sixty-seven stars. 
Opposition, an aspect of the stars or planets when they are a 

hundred and eighty degrees distant from each other) which 

in the Ephemeris is marked 8 . 
Orbis Magnus, the orbit of the earth, which is described by 

its annual revolution round the sun. 
Orbit of a planet, the .curve o;r psith which it describes in its 

revolution round the sun. 
Orion, a southern cqnstellation, consisting of ninety*three 

stars. 

P. 

Pallas, one of the newly discovered planets, and the seventh 

in order from the sun. 
Parallax, the difierejice l}etween the places of any celestia) 
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object, as leea from tho suffboe of the earth and froBi its 
centre. 

Parallax of the earth's aanual orbit> is the aogle at any 
planet which is subtended by the distance between the sun 
and earth; or it is that change of place in the phnets, 
which arises from their being seen from different points of 
space, as the earth moves round the sun. . 

Pahallels of latitude, small circles of the sphere, whidi aie 
drawn paraUel to the; equator. 

Pavo, the Peacock^ a southern constellation^ composed of 
fourteen Stan. 

PfiGAstJs, a constellation in the northern hemisphere, consist- 
ing of sixty-seven stars. 

Pendulum, a body that swings backwards and forwards about 
a fixed point) and which, on account of its equal vibra- 
tions, is made use of for measuring time; 

Penumbha, a foint shadow which accompanies an edipse, and 
occasions a partial obscurity of the body to that part of the 
earth on which it Mis. 

Perioeci, those inhabitants of the earth who five under the 
same parallels of latitude, but on opposite sides of the me- 
ridian. 

Pemgeon, that point of a planet's orbit in which it is at its 
least distance from the earth. 

Perihelion, that point of a planet's orbit in which it is at its 
least distance from the sun. 

Period, » certain length of time after which eclipses^ and 
other celestial phenomena, return again in the same man- 
ner as before. 

Periphery, the drcumforence of a circle, ellipse, or any other 
regular figure. 

Periscii, the inhabitants of either of the frozen zones j so 
called, because their shadows go round them for six months^ 
or foil towards opposite points of the compass. 

Perseus, a constellation in the northern hemisphere^ consist- 
ing of sixty-seven stars. 

Phases, the several appearances of the moon and planets, ae- 
cording as a greater or less part of their illuminated hemis- 
pheres are presented to our sight. 
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Phobnix, asocithera oonstellation, ooosisting of tbiiteea stars. 

Phosphor, a name given to Venus when she is a morning star. 

PRocToii, a fixed star of the second magmtude> In the ecm- 
siellation Canis Minor. 

PiscBs, the Fishes^ a zodiacal consteUatipii, consisting of a 
hundred and ten static 

Pisces yolans, the flying Ilsh> a southern constellation, con« 
sisting of seven stars* 

Planets, (Primary,) those bodies, in our system^ that regard 

the sun as the centre of their motions; the number of 

which 18 eleven. Mercury {f , Venus $ , the Earth Q, Mars 

9 , Vesta, Juno, Ceres, Pallas, Jupitef %, Saturn h b&<1 

Uranus V. 

Plane, in astronomy, is frequently used for an imaginary sur- 
foce, which is supposed to cut and pass through solid 
bodies 5 and in this sense we are to understand the plane of 
a planet's orbit. 

Planetarium, an instrument made use of for showing the 
phenomena of the planets. 

Plbiades, seven remarkable stars in the constellation Taurus« 

Polar Circles, two small circles of the sphere, twenty-three 
degrees and a half distant from the poles 5 that about the 
north pole being called the arctic circle, and the one about 
the south pole the antarctic circle. 

Pole Star, a star of the second magnitude, in the tail of the 
Little Bear 5 so called from its being situated near the north 
pole of the world. 

Polbs of the World, those two points which are at the extre- 
mities of the earth's axis 5 or, when referred to the heavens^ 
the two points directly over them. 

Projectiles, such bodies, as being put into Qkotion by any 
particular force, continue to move with a certain velocity, 
either in a straight line, or a curve, accordiitig to drcum* 
stanoes 5 such as a stone thrown from a sling, an arrow from 
a bow, or a ball from a gun. 

Primum Mobile, the first mover, an immense sphere, which, 
in the Ptolemaic system, was supposed to turn round the 
earth, as a centre, every twenty-four hours, and to carry 
with it the sim, moon, and planets. 
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Prbcbssion of the equinoxes, a slow motion of the two points 
where the equator intersects the ecUptic> which are found 
to go backwards about fifty seconds a year. 

Quadragesima, the first Sunday in Lent ; so called because it 
is about the fbrtieth day before Easter : and for a like rea- 
son, the three preceding Sundays are called Quinquagesipia, 
Sexagesima and Septuagesinau 

Quadrant, the fourth part of a circle 3 or an instrument made 
use of for measuring angles, and taking the altitudes of the 
celestial bodies« 

Quadratures, or quarters ; those phases of the moon which 
take place between the ooi\junction and opposition, and be- 
tween the opposition and conjunction: one being called 
the first quarter, and the other the third* 

QuARTiLE, an aspect of the planets when they are ninety de- 
grees, or a quarter of the zodiac distant from each other } 
which in an Ephemeris is denoted by d • % 

Quiescent, the state of a body which is at rest, or in opposi- 
tion to motion. 

R. 

Refraction, is that variation which the rays of light suffar in 

passing through mediums of different densities 5 which oc- 
. casions the heavenly bodies, when viewed obliquely through 

the atmosphere, to appear at a greater height above the 

horizon than they really are. 
Regulus, a fixed star of. the first magnitude in the heart of 

the constellation Leo. 
Rigel, a fixed star of the first magnitude in the left foot of 

. Orion. 

Reflexion, is the return of the rays of light, after approach- 
ing so near the surface of bodies as to be repeUed or driven 
backwards. 

Repulsion, that property in bodies, by which, if they are 
placed just beyond the sphere of their attraction of cohesion, 
mutually fly from each other. 

Retrograde^ an apparent motion of the planets in some parts 
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of their orbiU^ when they seem to go backwaidfl> or con- 
trary to the order of the signs. 

RbvolIjtion, is that motion by which the heavenly bodies, in' 
a certain time^ return again t6 the same points of their 
orbits. 

Right Ascbnsion, is that degree of the equator whidi comes 
to the meridian-with the snn, xooon, or star^ reckoning 
from the first point of Aries. 

Rotation, the motion of any heavenly body round its axis. 

S. 
Sagittarius, the Archer, a zodiacal constellation, consisting 

of forty-eight stars. 
Sagitta, Che Arrow, a northern constellation, consistii^ of 

thirteen stars. 
Satellites, secondary planets, or moons ; which revolve round 

the primary planets in the same manner as those primaries 

revolve round the sun. 
Saturn, a primary planet, the sixth in order from the sun; 

uid whose magnitude is about a thousand times greater 

than that of the earth. . 
Scorpio, a zodiacal cdnsteBation, consisting of forty-four 

stars. 
Second, the sixtieth part of a minute, either of time or mo<- 

tion. 
Secondary circles of the sphere, are those circles which pass 

through the poles of some great circle : thus the meridian 

and hour circles are secondaries to the equinoctial, &c. 
Serpens, the Serpent, a northern constellation, consisting of 

fifty stars. 
Sbrpentarius, a northern constellation, composed of sixty- 
seven stars. 
Sextans Urania, a southern constellation, consisting of four 

stars. 
Sextile, an aspect of the heavenly bodies, when they are sixty 

degrees distant from each other; and which is denoted in 

Ephemeris by :|c . 
Sidereal, of or belonging to the stars or planets. 
Sidereal Year, is that space of time which thb sun takes in, 
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noviDg through the ecliptic^ from any fixed ttar to the 

same star again. 
Sioifs, the twehe constellations of the 2odiaCj Anss nr> 

Ttaums 8 9 Gemini n> Cancer 0> Leo it* Virgo tlR> Libra 

rfk^ Sooipio v\, Sagittarius J^^ Gapricomus yf, AqiuriaSiS; 

andRsces K. 
SoBtisKJL'a Shxbld, a northern constci]ation> consisting of 

eight stars. 
Solstitial Points, are the two signs of the eodiac. Cancer 

and Capricorn, at which the ecliptic touches the tropics, 

and into which the sun enters on our longest and shortest 

days. 

Southern Fish, a constellation in the southern hemisphere, 

composed of fifteen stars. 
Southern Triangle, a constellation in the southern hemi- 
sphere, consisting of five stars. 
SbvtHiNO of the stars, the time when th^ culminate or come 

to the meridian. 
Spica ViRGiNis, a fixed star of the fiist magnitude^ in the 

constellation Viigb. 
Stars, (fixed>) those bodies which shine by their own light, 

and are not subject to motion. 
Stationary, a planet is said to be stationary when it has no 

apparent motion. 
Style, the manner of reckoning time from some parlienlar 

period or remarkable event. 
Superior Planets, are those that move at a &rther distance 

from the sun than the earth ; which are Mara, Vesta, Juno, 

Pallas, Ceres, Jupiter, Saturn and Uranus. 
Stnodical Month, the space of time from any new moon to 

the following one 5 which is, at a mean, twenty-nine days, 

twelve hours and forty-five minutes. 
SiRius, a fixed star of the first magnitude, in the constellation 

Cams Msgor ; which is the brightest in the heayens. 
System, a number of bodies revc^ving round a common centre, 

as the planets and comets move round the sun. 
Syzygies, those points of the moon's orbit, in which she is 

at the time of her new and full. 
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T. 

Thftws, the Bull) a zodiacal comtellation^ consisting of o^e 
hnndred and nine stars. 

Telbscopic Stars, those stars which are only dlicdverable by 
means of a telescope. 

Temperate Zones, those parts of the earth contained between 
the tropics and polar circle. 

THBoar, any doctrine which terminates in speculation, wxth- 
ofit conddering its practical uses and apptication. 

ToRBin Zone, that part of the earth which is contained be- 
tween the two tropics. 

Transit, is the passing of one celestial body before another, 
so as to render it invisible. 

Trigonvs Major, the Great Triangle, a northern constella- 
tion, consisting of ten stars. 

Trigonus Minor, the little Triangle, a northern constella- 
tion, consisting of five stars. 

Trine, an aspect of the planets, when they are a hundred and 
twenty degrees distant fo)m each other 5 which in an 
Ephemeris is denoted by A. 

Tropics, two small circles of the sphere which aip^' parallel to 
the equator, and twenty-three degrees twenty-eight mi- 
nutes distant from it 

Twilight, is that &int light which we perceive before the 
rilling of the sun, and after his setting 3 bdng occasioned by 
the refiraiction of the earth's atmosphere. ^ 

* 

V. 

Vector (Radius), a line supposed to be drawn from any planet 

to the sun, which, moving with the planet, describes equal 

areas in equal times. 
Venus, a primary planet, the second in order from the sun; 

whose magnitude is about one-ninth less than that of the 

earth. 
Vertical Circles, the same as Azimuth Circles, or such as 

are drawn perpendicular to the horizon. 
Vesta, one of the small new planets lately discovered, and 

revolving next above Mars in our system. 
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YiUQO, the Virgin^ a zodiacal constellation^ consittiog of 
ninety-three stars. 

IhtsA Majob, the Great Bear, a northern constellation^ con- 
sisting of one hundred and five stars; sometimes also called 
Charles's Wain. 

Ursa MiNoa, the Little Bear» a no^em constellation near 
the pole« consisting of twelve stars. 

YuLPSs, the Fox# a northern constellation, con&isting of 
twenty-nine stars* 

UaANus, or Geotgiom Sidns, the new planet discovered by 
Herschell I which is the highest of any in our system. 

X. 

XiPHiAS^ the Sword-fish, a southern constdlatiotty canwsttng 
of seven Stan. 

* 

Y. 

Ybah, the space of time taken up by the sun in going throv^h 
the twelve signs of the zodiac^— -See SwaaEAL Year, kc, 

Z. 

ZsKiTH, that pokrt of the h^venfr which is perpendieidarly 

over our heads. 
Zodiac^ a zone or girdle, surrounding the.heavens, of about 
' eighteen degrees broad, in the middle of whitb is the eclip* 

tic ;' and in which the orbits of all the planets avie jiicluded. 
ZoNB, a <tivision pf the sphere, contsuned between any two 

parallels of latitude. 



THE END- 



Fiinted by S. HanStoo, W^rid^ Surrey. 
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